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Preface. 


In publishing the results of this investigation the author begs to 
express his gratitude to all those who have promoted the work or con- 
tributed to it. 

In the first place, the author wishes to convey his thanks to Professor 
P. QUENSEL, who first introduced him to the geological problems of the 
Visterbotten mountains, and has since assisted him with material and 
valuable advice. 

Professor H. Backtunp of Upsala has rendered much assistance. 
Dr. H. v. EckERMANN has taught the author to use the universal stage. 

Many problems have also been discussed with Dr. A. Héexom., 
Mr. J. Extunp, Dr: N. Macnusson, Dr. O. Kunirne and Dr. G. Brskow. 

Most of the chemical analyses have been made by Mr. R. Burx and 
Dr. N. Sanupom, and the rock slices have been prepared by 8S. G. HEp- 
LUND. 

Rock specimens gathered by Fr. SveNontus and others for the collec- 
tions of the Geological Survey of Sweden have been placed at the author’s 
disposal, for which his thanks are due to the Geological Survey — Direc- 
tor Dr. A. GAVELIN and Dr. A. H. WESTERGARD. 

Contributions to the field-work have been received from Svenska 
Turistféreningen and C. F. Liljevalch J:r’s Scholarship fund. 

The English text has been corrected by Lieutenant-colonel A. Pore- 
NANT. 


Introduction. 


Peridotites in Sweden were first mentioned by A. E. T6RNEBOHM 
in 1877 from Kittelfjall (42). Somewhat later several occurrences were 
briefly described by Fr. Svenontus from Jimtland, Vasterbotten and 
Norrbotten (39, 40, 41). The rock samples of SvENoNIUs were petro- 
graphically described by F. ErcusrApr (10) in 1884. He distinguished 
seven different groups, viz.: I. Enstatite-hornblende-olivine rock, II. 
Enstatite-kimmererite-olivine rock, III. Enstatite-olivine rock, IV. 
Hornblende-olivine rock, V. Kimmererite-olivine rock, VI. Simple 
olivine rock, and, as a separate group, secondary serpentine rocks. 
The description was good, though entirely petrographic. 

An account of the peridotites and serpentines of Jamtland is given 
with the geologic maps of that regioniby A. E. TORNEBOHM (43) and 
A, G. Héesom (26). 

The peridotites have since hardly been examined until Vaster- 
botten (S. Lappland) was mapped petrologically by H. Backiunp, 
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P. QuENSEL and others. The map of the area was published in 1929 (2). 
A short description of the peridotites and other rocks was previously 
published by H. Bacxiunp (1). Different parts of this region have 
been described by A. H6axBom (25), G. Brskow (4), and O. KuLLInG (28). 

A regional investigation of the peridotites was suggested to the author 
by Prof. P. QUENSEL in 1924. Some well known occurrences of perido- 
tites and serpentines in Norrbotten and Vasterbotten were thus visited 
in 1925 and others in Jimtland 1926. 1930 and 1931 the author 
investigated the metamorphism of the peridotites and the geologic 
conditions in this connexion, The geology of the soapstones has especially 
been studied.1 Some occurrences in Frostviken in Northern Jamtland 
are well exposed, and have therefore been examined in detail. For com- 
parison, some other soapstone occurrences in Southern Jamtland and 
Vasterbotten will also be described. 


In the Swedish portion of the Caledonian mountain range the peridoti- 
tes are of common occurrence in some parts of it, both in the phyllitic 
or »k6liy region in the west and in the highly metamorphic or »seve» 
region (according to TORNEBOHM’s and A. G. H6gBom’s nomenclature?) 
east of this. 

The peridotites appear chiefly as oval and lenticular outcrops a few 
meters to a kilometer or more in length, their width is generally much 
less. The direction of the bodies is almost always parallel to the schistos- 
ity of the surrounding rocks, and they are sometimes visibly foliated. 
In Vasterbotten their occurrences can be seen in the large map (2) as 
well as in the district maps of the separate regions. The best known local- 
ities in Jamtland are represented schematically in H6gBom’s regional 
map (26). With respect to the Norrbotten occurrences reference is made 
to the publications of SvENontus (39, 40 41). In this paper, peridotite 
occurrences are exhibited in the maps of the Graipesvare region in south- 
ern Vasterbotten (p. 222, fig. 41), of Frostviken (plate 2), and in certain 
detail maps of the same area. The general appearance and tectonic con- 
dition of the peridotites will be described in connexion with these maps. 

The ultrabasic rocks are easily recognized by their reddish to yellow 
tints on the weathered surfaces which sometimes are emphasized by red 
lichens or algae. Most of the ridges are thus named after their reddish 
colour. The peridotites generally appear as knobs above the surrounding 
rocks owing to their less rapid weathering. They are mostly barren 
owing to the extremely sterile nature of the covering soil. 


1 A lecture on this subject by the author is summarized in this journal for 1931, 


p. 541. 
2 In its petrographic significance. 
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As to the age of the ultrabasic rocks, they have lately generally been 
considered the oldest igneous rocks (except the Pre-Caledonian) of this 
as of other mountain ranges. In the western phyllitic regions, where 
the age relationships are less difficult to ascertain, both H. BackbUND 
and A. HécBom have pointed out that the peridotites do not occur Im 
the syncline extending northwards from the western parts of Lake 
Kultsjén (2, 25). The border of this syncline is marked by the Vojtja 
conglomerate (named by P. QUENSEL (36) in 1922). O. KULLING, who 


Fig. 1. Typical outline of a peridotite rock, viz. Muruhatten. 


has closely investigated the region Bjérkvattnet-Virisen, has found 
determinable fossils, and has been able to fix the age of the limestone 
horizon close to the Vojtja conglomerate as lowermost Silurian, or etage 
5b of the Norwegian Cambro-Silurian. He also points out that the peri- 
dotites are older than this horizon, and considers them the oldest rocks in 
this region. He regards them as Pre-Ordovician or lower Ordovician (28). 

The present writer has examined the continuation of the Vojtja con- 
glomerate § of the Bjérkvattnet—Virisen region, towards the western 
part of Lake Kultsj6n up to the area described by A. HéaBom (25). 
The author has thus never observed any peridotites on the W side of 
the Vojtja conglomerate in the Lake Ransaren syncline, at least where 
the tectonic conditions are certain. The circumstances will be ac- 
counted for in connexion with the description of the Graipesvare region, 
and the similar conditions at the syncline of Western Frostviken 
will be dealt with in the description of that district. 
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H. Bacxtunp (1, p. 174) has observed pebbles of peridotite in the 
Vojtja conglomerate at Storjola in Frostviken, which further strengthen 
the age relationship of the ultra-basic rocks. Consequently the author 
considers the peridotites in the phyllitic region of Pre-Silurian age in- 
truded in the gray or black phyllites below the Vojtja horizon (or the 
Portfjall conglomerate horizon in Frostviken, which is supposed to be 
the equivalent of the Vojtja conglomerate of Vasterbotten). As to the 
peridotites of the more metamorphic regions E of the phyllitic zone, 
their age relationships are difficult to decipher. The close connexion 
with the peridotites of the less metamorphic areas, and the fact that the 
peridotites can be followed almost continuously, outcrop by outcrop, 
from the phylltic zone up to the mica-schists and gneisses, incline the 
author to consider them all of the same age, at least in the areas in- 
vestigated by him. The Norwegian occurrences will not be discussed 
here, nor the Ruoutevare occurrences in Norrbotten. 

The relations of the peridotites to the other igneous rocks in the 
Frostviken metamorphic area will be mentioned in the description of 
that region. 

As to the petrography of the peridotites and their derivates, which 
is the main subject of this paper, the general petrography of the primary 
rocks will first be shortly described, and special types from different 
areas will then be treated separately. For the purpose of the geological 
description of the more metamorphic derivates, a region in the parish of 
Frostviken in Northern Jaémtland will be exhaustively described, and 
special attention given to the genesis of the soapstone or steatite. (The 
rock name soapstone will preferably be used here). For comparison, some 
other regions will be discussed later. The serpentinization will be dealt 
with separately, and the district of Graipesvare in Vasterbotten will be 
used for a description of typical serpentine rocks. 


The molecular proportions given with the analyses in this paper are 
quoted from H. v. EckerMANN®. Where the norm is calculated, however, 
H. Wasurneton’s Tables? have been used. 

The refraction indices of a great number of minerals have been mea- 
sured, usually by immersion in liquids and examination of the Becke line. 
In this case the results are given with three decimals. The numbers 
quoted as reliable are correct within a limit of +- 0.002. In some stanc- 
es the measurements were more difficult, and are then given within a 
limit of 0.003. Polished plates were employed for the determinations 
of the refraction indices of most of the analyzed minerals and a few 


1 Of American nomenclature. 
2 H. v. EcKERMANN, Molecular proportions, Upsala 1925. 
8 H. Wasuineton, U.S. G.S. P. P. 99, 1917. 
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others, and the indices were determined direct by refractometer. These 
values are given with four decimals (a limit of error is not given). 
Optic axial angles were measured on a Leitz universal stage (several 


determinations for each value) with the exception of the small angles 


of chlorites, talc etc. of which the apparent axial angle 2K was ascer- 
tained. The extinction directions of pyroxenes and amphiboles were 
measured by the method of C. Burr1, and in two cases also with orient- 
ed plates. 

In estimating the mineral composition, more importance has been 
attached to the refraction indices than to the optic axial angles. For 
the calculation of the actual composition of the analyzed rocks, Rosiwal 
measurements were taken, and some minor components were usually 
calculated directly according to these determinations whenever not 
indicated by the chemical values. The composition of the important 
minerals were estimated from their optic properties; in several cases 
the author has, however, thought it better to get separate analyses of 
the typical minerals. The composition of some have been estimated 
from rock analyses, when the percentage of the other minerals were 
fairly certain and the percentage is a high one for the mineral to be 
calculated. 


Petrological description. 
I. Relatively iresh rocks: 


As mentioned above, the peridotites mostly appear as small wedge 
shaped bodies in long strings or sometimes as swarms in large parts of 
the mountain range. They are almost mono-mineral in composition, 
and do not show any petrographic transition to surrounding igneous 
rocks as far as the present author has observed. From this may be con- 
cluded that they have been differentiated in a deeper position. These 
rocks scarcely occur except in mountain ranges, and probably owe their 
mono-mineral character and typical appearance to their origin in these 
zones. The material for this investigation does not give enough for a 
full discussion of the genesis by differentiation of the peridotites, 
and it is not the author’s intention to take up this problem. 

The author has nowhere seen any convincing trace of contact- 
metamorphism of the peridotites on the surrounding rocks. Contacts 
are not often visible, however, and sometimes the borders are slicken- 
sided, not being the original contacts. But as no trace of contact-action 
has ever been seen, none has probably occurred. That this is not due 
to rapid crystallization of the ultrabasic is seen by the distinct granul- 


1 C. Burret, Schw. Min. Petr. Mit. Bd 11, 1931,.p.. 285. 


. 
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arity of the rocks (when fresh). It may therefore be due to intrusion in 
an almost crystalline phase, and on a complete lack of »mineralizersy. 
This is confirmed by the absence of other differentiation products. 

As said above on the subject of the general appearance of these ultra- 
basic rocks, the writer considers them hypabyssic intrusions, usually 
in the form of small laccoliths. The collected material, and all observa- 
tions, have shown that the most common type is the dunite, which be- 
sides olivine only has chromite, picotite or chromiferous magnetite as 
accessory mineral (of the original components). Olivine rock with solitary 
crystals of enstatite as somewhat porphyritic grains is also common. 
The enstatite, however, is generally not so abundant that the rock can 
strictly be called a saxonite (or harzburgite). It may also happen that 
the rocks of one locality are partly pure dunite and partly saxonitic 
rock, e. g. at Rautats in Frostviken. Other variations in mineral com- 
position are very infrequent. In one locality in Norrbotten, Paije 
Sartajaure, the rock is partly dunitic, partly saxonitic, and in one place 
purely enstatitic, probably segregated in the dunite-saxonite. 

Wehrlitic and lherzolitic varieties are much rarer than saxonitic 
rocks, and are in fact only seen in very few localities. The only lherzolite 
rock known to the author is at Friningen in Frostviken, and. may be 
classified as garnetiferous. This will be further described below. Diop- 
side or diallage-bearing rocks are observed at Overvattsberget in Frost- 
viken, Aunevare, Klinten-Valovardo, and Laxfjallet in Vasterbotten. 
Kulling (28, p. 323) has also mentioned a diopside rock in a eee a E. of 
Virisen, Vasterbotten. 

A quite different type of rock has been found at Kall in Jamtland. 
It is a mica-bearing peridotite, also distinguished by a high content of 
iron in comparison with the other rocks. 


The peridotites are granular, sometimes coarse-grained, but generally 
fine-grained. Occasionally they are of porphyritic texture. The olivines 
are hardly ever idiomorphic, and often show uneven borders caused by 
a later pressure, which may even crush the borders as well as the smaller 
grains. In several cases one could see that larger grains had been divided 
by pressure into several smaller ones, and it was then possible to see 
which had previously belonged together. An undulous extinction is 
common which, when strong, has produced a columnar structure in the 
olivine grains with an uneven extinction of the different columns. The 
borders are then often crushed to small grains between the larger relics, 
as seen in rocks from Handél (cf. photos, p. 205) and Vuoka Ruopsok. 

As to the chemical.composition of the fresh rocks, this will of course 
closely correspond to the composition of the mineral olivine. The Fe,0, 
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and Cr,0; content is higher, and is fixed in the ore minerals. The 
enstatite content is generally too slight to be positively noticed in 
the analyses. These show almost no alkalies, lime, or alumina. But as 
the rocks are seldom quite free from secondary serpentine, a little water 
is generally present. Even where no serpentine is observed, some water 
may be present indicating a slight hydration of the olivine. Two rocks 
show a low content of alumina appearing in the olivine and the enstatite. 
The rock from Kall mentioned above, which is partly biotite-bearing, 
has a high alumina content and also some titanium, which otherwise does 
not occur. The olivine composition in this peridotite is about 24 
mol. % Fe.SiO,, while in the other types this is generally about 8 % (5— 
17 %). Pyroxene rocks with a high percentage of diopside are naturally 
differently composed, but none of that type has been analyzed. 

A particularly remarkable fact concerning the peridotites in the Swed- 
ish mountain-range is their constant and extraordinary basicity. 
Generally, peridotites of other regions have transitions to more gabbroic 
rocks, often with a slight content of feldspar. Neither have been ob- 
served among Swedish peridotites. 

Notable is the almost invariable association of the peridotites with 
amphibolitic rocks, without any transitions in mineral composition be- 
tween them. The amphibolites are quite metamorphic and schistose, 
and show no original structures except in a few localities. The rocks 
are often mica-bearing, with some quartz content. This rock-type 
has led the author to conclude they have originally been extrusive 
rocks or re-arranged derivates of such. The general occurrence of am- 
phibolites as intercalations with mica-schists makes such an origin _ 
probable. They have evidently been erupted in the same orogenetic 
zones as the peridotitic intrusions. 

The effect of the secondary transformations of the peridotites will be 
discussed in another part of this paper. 

The rocks will be described in detail in connexion with the typical 
localities. 


1. Dunitic rocks. 


Dunitic rocks are the most prominent among the peridotites examined. 
Quite fresh rocks are rare, however, as a slight serpentinization is very 
common, though the olivine may quite predominate. 


Junsterklumpen. 


A sample from Junsterklumpen in Frostviken has been analyzed by 
R. Buix as being typical: 
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Table 1. Dunite from Junsterklumpen, Jimtland. 


Si0s. . . . 40.50 6 716 Norm Actual composition 
TiOa. . . .none (weight %) 
Ala CSc ee )!22 21 INS 3 OH. Olivinnew ase eeol.2 
Cr20s .. . 0.40 26 Co a Onto Serpentine 
ResOs- = 2. 2:08 127 0.62 (Antigorite) . 15.9 
Me OS a ne) 4,92 685 Hy . . 5.66 5.40 Magnetite 
MnOe 2 ee 0-110 14 0.26 (Chromiferous) 2.9 
MgO... . 49.34 12 288 Ol . . 87.80 82.60 100.0 
CaQn . % tem 0.02 4 5.20 
Na2O’+K20) 0.08 13 Mt... 3.02 
HisO27, ea coe 2.05 1188 Cm. . 0.67 
SO meer comer kl 97.15 

99.81 Dunose 
Sper... 5. 3.21 -(R> Burs) 


Refraction indices of olivine: a = 1.646 + 0.002 (immersion method) 
y = 1.684 + 0.002 
Optic axial angle: 2V5 =—=S1 4}, 2°. 


If the antigorite is calculated according to that analyzed from Muru- 
hatten (p. 168), the olivine rest shows a molecular percentage of 4.6 
Fe,S8i0, after deduction of chromiferous magnetite. As the olivine of 
Junsterklumpen has less than half the iron content of that of Muru- 
hatten, the serpentine is estimated to have half the iron content of that 
analyzed. This ratio would give an olivine containing 5 mol. % of fay- 
alite. The optic data correspond to 6 % Fe,SiO, according to A. N. W1n- 
CHELL!. 

The ore grains have a much higher content of magnetite than of 
chromite, as seen by the thin sections and the analysis. 

A Rosiwal measurement gives a higher percentage of olivine and less 
antigorite, but the same content of magnetite as the calculation. 

The larger olivine grains average 1 mm. in size. Adjoining borders 
are allotriomorphic, and the different crystals are best distinguished by 
their position of extinction. The grains are run through by uneven 
eracks, which may sometimes indicate their borders instead. In this rock 
there are no chrysotile fibres in the cracks. 

The magnetite is quite allotriomorphic, generally */, mm. in diameter. 
The antigorite appears as blades or rays, 1/, mm. to */;. mm. in length, 
cutting right through the olivines at their borders or in their centres. 
These serpentines have a very weak but discernible pleochroism and are 
somewhat like clinochlorite. The analysis of the rock indicates an alum- 
ina content of the antigorite higher than that in the Muruhatten 
sample (p. 168). It has evidently a higher isomorphous content of amesite 


1 A. N. WINCHELL, Elements of optical mineralogy. Part II, 1927, p. 168. 
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than most of the serpentines examined by the author. Where the alum- 
ina content is still higher, as in'some other rocks, the antigorites have 
a chlorite core (cf. photos 58, 59, p. 253). 

Towards the border of the body the serpentinization is still stronger, 
and the olivine may only appear as solitary relics. A typical antigorite 
rock from this locality is photographed in fig. 2. 


Fig. 2. Typical antigorite rock as alteration after primary dunite. Junsterklumpen. 
+nic. Magnified 40 x. 


Small aggregates of colloid-like grains of iron oxides have been formed 
by the serpentinization, sometimes as independent grains, and sometimes 
round the larger primary magnetite grains. Secondary magnesite or : 
breunnerite appears in these highly serpentinized types, 


2. Saxonitic dunites. 


a. Wuoka Ruopsok. 


The mountain Ruopsok just W of Vuoka is situated 15 km WSW of 
Kvikkjokk in Norrbotten. A sketch of the peridotite outcrops has been 
published by Svenontus (40 p. 203). The surrounding rocks are amphi- 
bolites, rather dense mica-schists, or gneisses and quartzites. 

Some parts of the ultrabasic are quite fresh, without any serpentine 
at all. A dense rock specimen with a green glassy fracture and some 


Ba ote tines} 
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_ visible porphyritic grains of olivine, up to a few mm in diameter, has 
been analyzed by R. Burx: 


Table 2. Peridotite from Vuoka Ruopsok. 


Side . . 43.10 7 148 Norm Actual composition 
eT OSaea ee brs Abies 0152 
AlsOs. . 0.71 69 An 1.67 Olivine 79.6 % 
FeOs. . 1.42 89 9.19 Enstatite 12.3 
Cr20s. . 0.66 43 Di 1.51 0.81 CaSi0s Hornblende 6.4 
FeO 6.69 931 vot MeSi0s Chromite 
MgO. . 45.71 11336 Hy . .15.92 14.60 MgSiOs (Magnetite) 1.8 
Cad 0.69 123 ieas FeSi0s Breunnerite 0.4 
ey ae ie Ol . . 76.44 69.30 MgsSi0« 100.0 % 
: 7.14 FeaSiOu 

HeOF. . 0.32 178 Mt 2.09 
He Omen OF08 Gin 0.90 

99.64. 96.86 
Sp.gr.—.. 3,32 (BR. Burs) Gordunose 


According to the thin sections the rock consists of predominating 
olivine, mostly as fine grains averaging 2/10 mm in diameter, and partly 
as porphyritic grains one or a few mm in size, rarely '/, cm in length and 
2mm in width. Many chromite granules as large as the smaller olivines 
are seen everywhere and occasionally larger porphyritic ones. They 
are dark red in colour and non-magnetic. A greenish brown amphibole 
occurs in certain streaks with interpositions of thin sagenite-like needles. 
The pleochroism of the mineral is weak, a green < f brownish green < y 
greenish brown. The refraction is high, higher than that of actinolite 
while the birefringence is lower. It is evidently an aluminous and iron- 
rich amphibole, which has not been seen in any other peridotite. 

Some solitary grains of enstatite are seen. As this mineral occurs as 
about 1 dm long, pure crystals in another place of the massive, an analy- 
sis has been made by I. SuckspoRFF: 


Table 3. Enstatite from Vuoka Ruopsok. 


Mol. % 
Siar, hs tore 55.80 9 254 48.39 
TMOStraak Suave s none 
AlaOs 4.02 393 2.06 
Fe:O3 0.76 48 0.25 
CreOs 0.20 13 0.07 
HeO on. sate 4.85 675 3.53 7.9 mol. % FeSiOs 
MgO 34.70 8 611 45.08 CPi, 93 MegSiOs 
CaOR ss. Sie none 
Ha Ogee apace 0.23 128 0.67 


144 TORSTEN DU RIETZ. [Mars—April 1935. 


Sp. gr. = 3,274 (R. Birx) 
Ay, = 1.6621 
By, = 1.6668 y—a=0.0109, 2V,, calculated = 82°22’ 
Ya = 1.6730. 


The optic data correspond to 8 mol. % FeSiO,; according to WINCHELL* 
The high Al,O, content is unusual, though similar enstatites are de- 
scribed from Tasmania (33). 

A Rosiwal measurement on two thin slices of the analyzed /peridotite 
gave the following figures in °% by weight: olivine 96.9 %, hornblende 
1.5, chromite 1.3, and enstatite 0.3 °4. Another thin section showed more 
hornblende, but very little enstatite. As the composition of the rock is 
far too rich in silica for a sample extremely rich in olivine, a separation 
of olivine grains (about 0.1 mm in size) has been performed with Clerici’s 
liquid of sp. gr. between 3.265 and 3.29 (by a balance of Westphal) in 
a centrifuge. The material was free from hornblende, but evidently not 
from enstatite, as the sp. gravity of this mineral is the same. It was not 
possible to detect pyroxene in the powder. An analysis gave: 


Table 4. Olivine grains from Yuoka Ruopsok. Analysis by R. Burx. 


SiQa\eor ow, « <c Seneeeee 42.14 6 988 
AlsOs4e cc) ws) cole ee 0.25 24 
FeO(Feo+Fe2Os). ... . 7.20 « 1002 
Me eal e 6 Seca nee 49.55 12 289 
CaO een. A ic ee 0.03 5 
AsO te heey <4 ae 0.24 133 
IOs eas A. 0.05 
ReOCraQge a eae ee 0.18 

99.64 


Deducting 6 °% of enstatite according to the figures of table 3, we 
get the following composition of the olivine: 


Sis 242. bh ee 41.55 6 891 

AlsOg- cascuny ete eee eg AN 1 

BOQ) “Sy ie te Aeafinns Ve 7.34 1 022 

MoO oo. si. stat cies te 50.88 12 607 

CaO ..5 8) See 0.038 35 

HOt es. otc ee eee 0.24 133 
100.00 


This corresponds to: 7.5 mol. % Fe,SiO, and 92.5 mol. % Mg.S8i0,. 


‘A. N. WincHELL, Elements of optical mineralogy. Part II, 1927, p. 177. 
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The refraction indices (by the immersion method) are: 


= 1.685+ 0.002 
mr, = 15649 0/002 


p determined on the universal stage as ee: gave 1.664 


2B + a 
4 


(Method of Berek). 


The optic axial angle OV a= 81 Se 2°. 
According to WINCHELL we get the « composition: 7 mol. % Fe,SiO, by 
the refraction indices, and 5 mol. % FeSiO, by the axial angle. 


Fig. 3. Serpentinization of olivine with simultaneous precipitation of spinel. 


The analysis shows that some of the smaller rock particles probably 
-are enstatite instead of olivine, although it is not possible to recognize 
them. The percentage of enstatite in the rock is evidently not uniform. 
This is furthermore proved by two extra silica determinations of the 
dunite which differed by about 1/, % of Si0,. One was above the figure 
quoted, the other below. 

The olivine grains have an undulous extinction often appearing as 
parallel laths of slightly different extinction. The direction of the col- 
umns is not the same in all particles, but always perpendicular to the 


1M. Berek, Mikroskopische Mineralbestimmaung mit Hilfe der Universaldrehtisch- 
methoden. Berlin 1924. 
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direction of y, though in most cases normal to the schistosity of the 

rock and characterized by the longitudinal direction of the minerals. 

In some slightly serpentinized rocks the impression of schistosity is 

still strengthened by a parallel arrangement of the chrysotile veins n 

the same direction. The chrysotile fibres are always oriented at right 
angles to the walls of the vein. In these serpentinized rocks, as well 

as in the more altered ones, the serpentinized borders of the olivines have ’ 
a rim of green spinel fibres orientated perpendicularly to the margin of 

the olivine and parallel with the chrysotile fibres enclosing them. 

Fig. 3 is an attempt to photograph this. According to these rock sec- 
tions the alumina content of.the olivine must have been remarkable. 

It is among the smaller peridotite bodies on the eastern side of Ruop- 
sok that the serpentinization is more advanced, though generally the 
olivine preponderates over the chrysotile. 

The enstatite content of the rocks is not uniform, as some types are 
devoid of it, and other rocks have rather much pyroxene. The size of 
the crystals is about that of the olivine, though solitary rather big ones 
appear. 

Small colourless tremolites are seen in many rock sections sharply 
intersecting the olivines, but they are of no great account. 

The ore grains in the rocks are brownish red chromites, though some 
are more brownish, like picotite. The chromites are frequently smaller 
than the other minerals, but in a few sections the size is that of olivine, 
even with porphyritic crystals. 


b. Siakok-Ruopsok. 


The saxonite at Sakok-Ruopsok NNW of Kvikkjokk in Norrbotten 
is situated on the E side of the river Niatsosjokk, and is about +/, km in 
length and barely 100 m in width. The rock is granular, with smaller 
grains of olivine and larger grains (about half a cm.) of enstatite. Some-: 
times the rock is dense and slightly schistose. 

The surrounding rocks are amphibolites, mica-schists and mica- 
gneisses, all strongly schistose. 

The peridotite has evenly distributed enstatites, and is relatively 
rich in this mineral, and might be classified as a saxonite. Tremolite, 
chlorite or kimmererite, talc, and breunneritic magnesite, occur as 
secondary minerals; sometimes also antigorite. Talc, breunnerite, and 
chlorite are often of concretionary appearance, occurring all together 
or alone. Besides as concretions with breunnerite and chlorite, the talc 
may occur as rows of flakes parallel with the general pete of 
the rock. 
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One rock specimen has been analyzed by R: Brrx: 


Table 5. Saxonite from Sikok Ruopsok, Norrbotten. 


SL Oa eta rh he ce 34.70 BY (sy) Mineral composition according to 
Ala Ospenetatet Soe 0.74 72 the analysis, percentages by weight 
Ore) seit wtt iar Se 0.60 39 
Hea@ sine vases & 1.55 on ORvinen geass ees ee 62.6 
MeORe asst Rive 6.95 967 Hinstatitemme nares, comeiaenn 32 
Mn@ pee. e's coctsee: O.11 15 Nisecrt et Gergen Pets cre an Aah shew v< 2.0 
Mi Oe. aan, 43.79 10 861 Kamentoreriten ssn emt ne 4.5 
CO ie reo 0 0.52 93 BGM y gee 6 6 oe 8 - 17.6 
NasQy keOls . . - 0.10 16 Dal Cate Mirae ince te. eects Late 6.0 
ORE Pees set. 8.85 2 010 rem oliters -« Peewee fee re ke 4.1 
SOP a bbe ao 1.06 588 100.0 
sO re ko 0.28 

99.20 
Peer a anak) 3.26 


The chlorite is calculated from H. Sanresson’s kammererite analysis, 
of a specimen taken by Fr. SvENontvus (40): 


Table 6. Kiimmererite from Sikok Ruopsok. 


weight % mol. prop. mol. % 

St Oude: cpg a circa et ORE 34.49 5 720 28.0 
SC) S wet urine, chwaeieae os 12.40 12138 5.9 
Ore Osi og it cnsy tale eye anon oe 13.46 890 4.3 
TO Ee a i ees eer 3.14 197 1.0 
We OMe tient om are Spt rs 3.28 456 2.2 
X05 ee eMEy Uc “eo: ee ee 21.83 5 414 26.5 
(RO) Gaus eee, oy eee 11.85 6 577 32.1 

100.45 100.0 
SOs git ee oeeeeenS Moe Le one en 2.709 


N, 1.586 + 0.002 according to the immersion method, 
n, 1.590 » » » birefringence. 
Birefringence 0.003—0,004. 


The axial angle is small and of positive character. The interference 
colour is anomalous blackish yellow (or greenish), and the pleochroism 
is very weak: a blue (violet tinge)> y yellowish. The dispersion is 
strong v>o. Macroscopically, the mineral is violet in colour. 

The tremolite has been calculated according to an analysis of that 
from St. Alke (p. 215). The refraction indices were measured to ben, = 
= 1.610 + 0.003, n, = 1,636 + 0.003 by the immersion method. This 
mineral may thus have a slightly higher content of iron than that from 
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St. Alke. On the universal stage 2V, was measured to be 81° + 2°, and 
the extinction 17° + 2°. (Na-lght). 
The breunnerite has been analyzed by R. Burx: 


Table 7. Breunnerite (breunneritic magnesite) from Siikok Ruopsok. 
Table 7 a. Breunnerite, 


7 Lejarklumpen 

MeO. pee eee ee 44.10 10 937 44.11 10 940 
RCO: Ahh. oe 4.96 690 3.84 534 
IM Osetra b. Souls ise 0.22 31 0.24 34 
(OO og ces Seen i ae no trace 0.48 Gh 
COPY or Siat< ctmetns 50.89 11 568 51.15 11 625 
HO Hike by: cxcpyaee ae _ 0.05 

100.17 99.82 
DERI Go eke ale base Meta: oa ae arta ee ms 3.041 + 0.002 (Birx) 
Ne = 1.516 + 0.003 (immersion method). ...... 1.512 + 0.003 
nw = 1.715 + 0.008 > be oe ie ore 1.710 + 0.003 


(Nr. 7a is a similar carbonate from Lejarklumpen in Frostviken.) 

According to Fr. SvENontus (40) the cleavage angle of the mineral is 
107 °26’ & 107°27’. 

The composition of the analyzed breunnerites is: 


Ue ines 
Mol. % Weight % Mol. % Weight % 
MeCOt SNe 93.8 89.5 94.5 90.7 
BOC Oster cit € Stan ie eae 5.9 10.1 4.6 7.9 
Mn COs aoe Ay aera es Me 0.3 0.4 0.3 0.5 
CEC Ose ecioutee e 0.6 0.9 


100.0 100.0 100.0 100.0 


The refraction indices of the enstatite were measured to be: 


n,, = 1.658 + 0.002, 
n, = 1.669 + 0.002. 


In the rock-analysis, the enstatite was calculated as the enstatite of 
Vuoka-Ruopsok, although it has a slightly lower content of iron. 

The axial angle of the tale was measured to be 2K = 15°14’ (by the 
Wiilfing apparatus in ordinary light). 

The rest was calculated as olivine. This gives a mol. percent. of Fe,Si0, 
slightly over 8 %. The optical properties were ascertained as: 2V,= 
= 87/.°+1°, n,= 1.654, ng= 1.667, n, = 1.688, + 0,002, in 
Na-light. According to WrncHeLu this corresponds to 7 and 9 mol. 
percent respectively of Fe,SiO, in the olivine, and thus matches the 
result from the analysis. 

In thin sections some small grains of secondary spinell were seen beside 
the tremolite, probably derived from the olivine. The rock specimen 
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analyzed was rather rich in secondary minerals, but not as rich in en- 
statites as other types. Some rocks are almost free from concretionary 
nodules with tale and breunnerite. Tremolite is very common, and 
chlorite (kimmererite) mostly occurs round the chromiferous magnetites, 
evidently originating at the olivine magnetite contacts. 

Along the border of the rock-mass a strong mechanical pressure has 
crushed the rims of the olivine grains, producing smaller grains between 
the larger ones. This can be seen both microscopically and macroscopic- 
ally. The rocks show some serpentinization originating as veins of 
chrysotile, and later forming amorphous serpentine and lastly antigorite, 
as described later, at the secondary alteration of other rock types. 

Some rocks show another transformation of the olivine that has not 
been met with anywhere else. It is an orange-yellow mineral occupying 
part or all the mother olivine grains, mostly with sharp borders against 
the olivine. The extinction is parallel to the cleavage, and the elongation 
of the lamellae is negative. The optic axial angle is large, the optic plane 
parallel to the cleavage. The pleochroism is strong, with y and f orange 
and a weakly yellowish. The birefringence is strong, almost as strong 
as that of olivine, and the refraction is similar. The rock specimen in 
which the mineral occurs is slightly weathered, and the mineral might 
possibly be a transformation produced by weathering. This is probably 
one of the minerals that are often designated iddingsite. 


c. Rautats.2 


The peridotite of Rautats in Frostviken, as seen in plate 2, is one of 
the largest occurrences of ultrabasic rocks in Sweden. Petrographically, 
it is partly saxonitic, partly dunitic. Sometimes a banding of rather 
dense olivine rock and similar olivine rock with larger grains of enstatite 
is observed. The enstatites, with fine lamellae of polysyntectic twinning, 
average about 1/, cm. in size, varying from one cm. to one mm. It is 
often growing around smaller olivine grains. Stripes of accumulated 
enstatites have been seen in a few instances. The olivine grains, aver- 
aging 1 mm in size, are of rather forsteritic composition. The chromif- 
erous magnetites are generally +/, mm across. 

One often notices streaks of chromite ore a couple of meters in length 
and up to 2 dm wide. One was 20 m long, but only about 1 dm wide, the 
chromite grains constituting only */; of the minerals. A ring-shaped 
cluster of chromite grains was also seen, as well as disseminations of 
chromite. In one case the Cr,O, content in the chromite ore was 


1 Ruotats on the topographical map. 
11— 343890. G.F. F. 1935. 
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about 49 % in a small streak. In one locality a violet chromiferous 
chlorite was found beside the chromite. 

As secondary minerals occur tremolite, chlorite, serpentine and tale. 
The serpentinization is more widespread than at Sikok Ruopsok, and 
may occupy /, to */, of the rock, first appearing as chrysolite veins. 
Between these veins amorphous, isotropic »serpentinization» of the whole 
olivine grains can often be seen, of the type exhibited in the photo, 


Fig. 4. Amorphous serpentinization (black areas) of olivine grains. + nic. 
Magnified 60 x. 


fig. 4. The amorphous »serpentine» is generally faint yellow brownish, | 
as against the colourless chrysotile. Sometimes brownish dust is 
precipitated. These amorphous serpentines appear as pseudomorphs 
of the olivines. Thin brightening streaks occur in the isotropic mass. 
These are also often growing out of the chrysotile veins in the form of 
broader rays or bands. The whole amorphous serpentine may thus be 
converted into a flamelike serpentine mass, as shown in fig. 5. A 
parallel grate-like structure may be developed, with undulous extinc- 
tion. This serpentine may appear as bands broader than the chrysotile 
veins, but with undulating extinction quite distinct from the chrysotile 
laths. The birefringence of these serpentines is decidedly lower than 
that of chrysotile, and also than that of bastite. 
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The serpentinization of the enstatites, the bastite, appears as large in- 
dividual pseudomorphs of the porphyritic grains of rhombic pyroxene 
generally with remnants of the primary mineral. This serpentine is 
rather like the antigorite, and probably forms, like the latter, inter- 
growth of thin lamellae with fairly equal extinction. The birefringence 
is almost the same as that of enstatite. The pyroxenes are not wholly 
serpentinized, and most of the mineral is often preserved. 


Fig. 5. Flamelike serpentine between chrysotile veins as pseudomorphs after olivine 
grains. + nic., 55 x. 


Antigorite may appear as long, thin laths or flakes, a transformation 
of the chrysotile and following the veins. It is somewhat similar 
to the flame-like serpentine, but is of sharper outline and more even 
extinction. 

A few solitary tremolites were observed, often partly serpentinized. 
Blades of chlorite — penninite —- intersect the olivine, the chrysotile and 
the amorphous serpentine in several directions. They are often sur- 
rounded by a rim of antigorite. Many blades of chlorite occur round 
the large primary magnetites. 

Talc often occurs as pseudomorphs after enstatite, but it also appears 
in veins in the rock. Macroscopically, stripes of tale are clearly seen. 

At the southern border of the peridotite towards the amphibolite, 
narrow parallel bands of tremolite can be seen in the ultrabasic rock. 
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Some occurrences at Lake Vargaren in Frostviken and at Kittelfjall 
in Vasterbotten are similar to Rautats in composition, though not so 
much serpentinized. 


d. Paije Sartajaur. 


The rocks from Paije Sartajaur, according to samples taken by Fr. 
SvENONIUS are, as far as the author knows, the richest in enstatite. 
The mineral composition varies from pure dunite to pure bronzitite. 
Saxonitic varieties are probably the most frequent. 

The olivine is generally about 1 mm in size, the enstatite about 4/, 
mm. According to optic axial angle and refraction index, the composition 
of the enstatite and the olivine is about 8 mol. percent of FeSiO, and 
Fe,8i0, respectively (after WINCHELL). 

As accessory minerals occur chromiferous magnetite and some 
pyrrhotite. 

Among the secondary minerals appear serpentine, talc, chlorite, and 
often tremolite, occasionally breunnerite. Talc is chiefly secondary to 
enstatite, serpentine occurs as chrysotile veins or as spherulitic serpen- 
tine (antigonite) and rarely bastite. 

No other bronzitite rock has been found, and probably this one is a 
segregation in the saxonitic rock. 


3. The Kall peridotite. 


_ The Kall peridotite is found N of Sélvsved and 8 of Lake Higgsjo én in 
the parish of Kall in Jimtland. The surrounding rocks are mica-schists 
and gneisses, amphibolites, pegmatites, crystalline limestones and 
quartzites. (One quartzite, adjoining a limestone, resembled and may 
be a metamorphosed conglomerate.) 

The peridotite is a fine-grained, dark greenish-gray olivine rock, 
rich in actinolite and chlorite, sometimes also in mica. One rock sample 
has been analyzed by N. SanLBom. 


Table 8. Mica-bearing peridotite from Kall. 


PlOo ei stata nr 4 Le 6 929 Actual composition: 

ORS ice RULAS 60 (weight % according to the analysis) 

INN OF Ree tyteiee, ot Rep) 481 

LE One socce = eGSi 100 OliyineMsrs:. sare 42.4 

OraOi 2. ve ane O08 5 Actinolite .. . . 33.8 

HOM ean. 12.76 1776 Chlopite tea sare 20.4 

Nin OS -sai see 0.2, 35 1Otibe: euctme de. 3.1 

Mel) Siem vat OUL08 7 448 Ore minerals .. 0.8 (Ilmenite, chromite, 


CaO 5. eas BP i | 672 * 100.0 magnetite.) 


Bd 57. H.2.] PERIDOTITES, SERPENTINES, AND SOAPSTONES. 153 


INiaet) inks eee O40 64 

KO Geen O35 od 

(UO: tees tr. 

Stee: aoe 0:00 

LSE ae Ms deer d ec (8.63 2015 
100.05 

NSO) eee rs an O20 

Ss fe ee BEND 


Compared with other peridotites, this one exhibits higher percentages 
of alumina, iron, titanium, and alkalies, and lower percentages of magne- 
sium and chromium. 

The refraction indices of the actinolite are: a = 1.623 + 0.003, y = 
= 1.648 + 0.003 (immersion method). The angle of the optic axes is: 
2V,, = 85° + 2°. The extinction angle is: ¢: y = 17° + 1° (universal 
stage). 

The pleochroism of the biotite is very weak, the mineral is almost 
uniaxial, its refraction index 6 about 1.60 and birefringence about 
0.038. In the analysis the biotite was calculated after another biotite 
from Rossie according to W. Kunitz (29). 

The chlorite is a clinochlorite with very faint pleochroism, birefringence 
about 0.008, and axial angle 2E = 30—40°. In the analysis the chlorite 
has been calculated as the clinochlorite from West Town, Penn. described 
by G. L. DscHane (8). 

The refraction indices of the olivine were determined to be: a = 1.690 
+ 0.003, y = 1.729 + 0.003, and the optic axial angle 2V, = 85° + 
+ 2°. In the analysis the composition of the olivine was calculated as 
the rest, after deduction of other minerals. This composition agrees 
rather well with the composition as estimated by the optic data corres- 
ponding about 24 mol. % Fe,Si0, according to WINCHELL. 

The thin sections of the rock show a smaller content of olivine, but 
slightly more actinolite. 

Both the biotite and the actinolite intersect and partly replace the 
olivine. The actinolite is later formed than the biotite. The chlorite 
is secondary to biotite, olivine, and actinolite. It generally surrounds 
the magnetites, and occurs as aggregates of small blades. In other 
rock specimens serpentine is also met with secondary to olivine, while 
biotite does not occur at all. A brownish picotite is sometimes visible 
beside the magnetite. A much transformed rock was found, almost 
wholly consisting of talc, serpentine and carbonate. 

Chemically and petrographically this peridotite differs from the 
others by olivine richer in iron and by the appearance of biotite, 
though this mineral is perhaps not primary. 
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4. Wherlitic and lherzolitic peridotites. 
a. lLaxfjallet (diopside rock). 


On the south-western slope of Laxfjallet in Tarna parish, Vasterbot- 
ten, below the upper tree limit, some very much altered peridotites 
occur, and beneath these a few outcrops of serpentinized olivine rock and 
one: outcrop of mere diopsidic rock which is of interest as similar rocks 
are rare. This is surrounded on both sides by serpentines. 

The diopside or diallage is grayish green, and has the following optic 
properties: 

a — 1.666 + 0.003 
y = 1.696 + 0.002 (immersion method) 


2V wa = 60° + 2°, ext. angle c: y= 38° + 2° (universal stage). 


The diopside is quite predominant, but serpentine, chlorite, and a 
little magnetite are also seen. The serpentine is an antigorite and has 
generally a core of clinochloritic chlorite. The chlorite has a birefrmgence 
slightly lower than that of the antigorite, and has a greenish or yellowish 
black, abnormal colour, with visible pleochroism. 

The surrounding serpentine has the appearance of an ordinary ser- 
pentinized dunite, and the pyroxene rock is probably a local segregation 
in peridotite. 


b. Klinten (-Valovardo). 


A quite similar occurrence of diopsidic rock is observed on the western 
side of the hill of Klinten, NW of Borka in the parish of Vilhelmina. 
It is a rock composed of predominating diallage with some secondary 
chlorite and antigorite in the centre of a serpentinized peridotite. 


Another pyroxenite has been described by O. KuLiine (28, p. 323) 


from the region east of Lake Virisen. It is a diopsidic rock with some 
serpentine and magnetite. 


c. Aunevare. 


Aunevare in the parish of Vilhelmina in Vasterbotten forms a domi- 
nating mountain in a region of slightly metamorphosed slates. It con- 
sists essentially of peridotites. The smaller ultrabasic occurrences around 
it are generally quite serpentinized, as are also the outer margins of the 
main mass. At Aunevare the writer has encountered a diopside-bearing 
rock with about equal quantities of diopside and olivine. The olivine 
has the following optic properties: 
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a = 1.652 + 0.002 (immersion method) 
y = 1.687 + 0.002 
2V, = 88° + 2° (universal stage). 


This corresponds to about 8 mol. % Fe,SiO, according to WINCHELL. 

The diopside has: 2V,, = 591/,° + 1°, ext. angle c:y = 39° + 2°. 
The birefringence is about 0.030. It is thus an ordinary diopside. 

Antigorite appears as a secondary transformation of the olivine, and 
does not generally attack the diopside which is partly transformed 
to a mass of small flakes with a greenish dust, probably a gel pre- 
cipitation of spinel. This product is very like the kelyphitic transfor- 
mation of the garnets of the peridotite from Friningen. Some of the fine 
flakes in this rock too are like the tremolitic hornblende of the coronas 
around the garnet. It is possible that there might originally have been 
some orthorhombic pyroxen together with the diopside. 

Most of the rocks from Aunevare are dunitic derivates, and the diop- 
side bearing variety is probably a local phase. 


d. Overvattsberget. 


Overvattsberget in the Muruhatten region (cf. map. plate 3) consists 
mostly of peridotite. Besides the dunitic derivates, a rock with predom- 
inating diopside also occurs. Owing to the hydrothermal alteration 
preceding and following the sulphidic solutions in this locality, all the 
original olivine is transformed, as well as some of the diallage. It is, 
however, possible to see that the pyroxene has been the chief con- 
stituent of the rock, though it is quite lacking in the surrounding 
peridotite. 


e. Friningen. 


E of Rautats a garnetiferous peridotite occurs at the eastern-most 
margin of the map, plate 2, close to Lake Friningen. 

The rock in this locality is petrographically a lherzolite with predom- 
inating olivine and macroscopically visible reddish grains of garnet. 
According to the optic data, viz. 


a = 1.651 + 0,002 
Vem 108% 0.002 
2V = 88° + 2°, 


the composition of the olivine is about 8 mol. % of fayalite according 
to WINCHELL. Besides of olivine, the rock consists of bronzite, kelyphit- 
ic garnet, actinolite, diopside, picotite, and locally, some talc. 


156 TORSTEN DU RIETZ. [Mars—April 1935. 


The texture is granular, hypidiomorphic with olivine grains 1/, mm 
in size, the other minerals are smaller, with the exception of the 
kelyphites, which are up to 1/, cm in diameter. The amphibole, which 
is secondary in relation to the olivine and pyroxene, is often idiomorphic 
and intersecting. 

The kelyphites may still have cores of garnet, though they are mostly 
transformed. The inner, larger parts of the kelyphites consist of a fib- 
rous mineral, very likely actinolite. It is intermingled with dust, or fine 
fibres, of grayish green colour, probably spinel. It may thus be quite 
like the coronites of gabbroic olivine, where all the olivine, by reac- 
tion with calcic plagioclase, is transformed to a mass of fibrous amphi- 
bole with small drop-like forms of spinel, e. g. in the olivine-anorthite- 
gabbro of Radmans6 (9, photo 17 on p. 508). But here the reaction rims 
are not so distinct, and have furthermore generally somewhat larger 
grains of picotite beside the spinel micro-crypto-crystals. Often, the 
picotite and the spinel is dominating in the central parts of the coronas. 
Small blade-like grains usually occur as an outer rim. They are probably 
composed of diopside, as the extinction angle of these grains seems to 
be larger and the birefringence is high. This rim is, however, often 
quite absent. Within the kelyphites small grains of actinolite and 
also olivine or diopside might be seen without intermixture of spinel. 

Solitary grains of diopside are found close to the kelyphites. Secon- 
dary actinolite is generally more common in the neighbourhood of the 
coronas, and is either contemporary or later in origin than the coronas. 
The author rather thinks that it was formed simultaneously. 

As the kelyphites are formed chiefly by mutual reaction of garnet and 
olivine, they are larger in size than either of these two minerals. Some- 
times they are of large rounded shape, evidently marking one big, pri- 
mary garnet, and sometimes they are of extended and irregular form, 


thus marking joint reaction of several smaller grains of garnet on the 


surrounding olivine grains. 

The rock has originally been a diopside-bearing saxonite of so high a 
content of alumina that this could not be held in solution by either 
olivine, pyroxene, or picotite, and the garnet has therefore crystallized. 

It should be noted that the surrounding peridotites have neither 
garnet nor diopside. The described rock is thus of an unusual composi- 
tion. It is not possible to say, however, whether this is due to the 
sequence of crystallization or to some assimilation. 

The reaction between the garnet and the olivine has probably occurred 
at the same time as the development of the secondary actinolite in 
the rock. As the transformation of the olivine into amphibole requires 
a certain introduction of CaO (besides SiO,) it is possible that CaO has 


1 
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been introduced at the formation of the kelyphite too. The author 
does not think that the primary diopside content has given birth to 
the actinolite, as no such alteration has been seen here or in the other 
localities. 

At the development of the reaction rim both spinel and picotite are 
formed, though the fine, fibrous grains of greenish spinel are too small 
to be recognized with certainty. But the different colours make it prob- 
able that two spinel minerals, spinel and picotite, are formed. 


In occurrences of ultra-basic rocks it is a common phenomenon that 
the pyroxene-bearing varieties are much more resistant to alteration 
than the dunitic varieties. In the great peridotite masses of Serrania 
de Ronda in southern Spain for instance, the central dunitic parts are 
more serpentinized than the more marginal parts of lherzolitic rocks (34). 
Such is also the case in the Swedish ultrabasic rocks. The diallage- 
bearing rocks may be almost unaltered while the surrounding dunitic 
or saxonitic rocks are very much serpentinized. The peridotites with 
monoclinic pyroxenes are consequently not rare because of their greater 
alteration, but because they are only accidental occurrences. 


iss Altered rocks 


A. Soapstone (Steatite). 
1. The geology of some occurrences in Western Frostviken. 


Western Frostviken’in Northern Jamtland (plate 1*), round the great 
lakes Kvarnbergsvattnet, Jormsjén, Blasjén, and Ankarvattnet, is 
geological equivalent to the region round the lakes Kultsjon and St. 
Ransaren in Southern Vasterbotten (see the map of Western Frost- 
viken in this paper (plate 2) and the map of Western Vaster- 
botten, 2). 

The western part of Frostviken is chiefly composed of phyllitic rocks 
(»k6liy rocks) which towards the east, near the central parts of the great 
lakes, pass over into metamorphic, crystalline schists (»sevey rocks). 
Two northward running rock courses of quartzite-conglomerate (Vojtja- 
conglomerate or Portfjalls-conglomerate) or their quartzite equivalent 
may be used as guiding-horizon. The western horizon of the conglom- 
erate, which often has one or two layers of limestone exposed on the 
eastern side, has been followed from Kvelien in the parish of Nordli in 
Norway over Portfjallet, the western limit of Kvarnbergsvattnet, and 


1 A reproduction of the topographical map No. 46, Frostviken. 
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further in a north-northeasterly direction to just west of St. Blasjon. 
From there the continuation could not be seen. But the great limestone 
horizon further on, which at Leipikvattnet turns towards Norway is 
probably, by the distribution of the rocks, equivalent with the Vojtja 
conglomerate and the accompanying limestone. A summary of the 
geology along the Swedish-Norwegian boundary has earlier been pub- 
lished by Sr. Fostie (13, 14), though his stratigraphic sequence is 
inverted as compared with that of this paper. 

The eastern conglomerate or quartzite layer is running in rocks of 
garbenschiefer-facies, and in the northernmost part in almost mica- 
schist facies. The conglomerate structure is thus hardly discernible in 
most cases, and only obvious in two places. Its direction is Quemonrue 
—Bjornhéjden—Kyrkbolandet—Smavattsbrinna—Brattasrue—W of 
Ankarede Kap.—Grubbmyrliden—south of Grutkiejaure. It cannot 
be followed further in detail because of the great metamorphism. The 
region between the conglomerate horizons (of synclinal character in the 
opinion of the writer), is mostly composed of phyllites (sericite-phyllites, 
calcareous phyllites and some black phyllites), with some green schists, 
intrusive greenstones, schistose feldspar-quartzites, and tuffaceous 
quartz-keratophyres (particularly in the SW corner). In the northern 
part, between Ankarvattnet and Leipikvattnet, the phyllites are richly 
feldspar-bearing on both sides of the limestone horizon. They are prob- 
ably tuffaceous phyllites. 

As the quartzite-conglomerate is developed identically with the 
Vojtja conglomerate studied by the author in Vasterbotten, he 
considers them equivalent. The limestone alongside the conglom- 
erate should correspond to the Slaitdal limestone according to O. 
KUuLLING (28), and the age should be equivalent to etage 5b at the 
base of the silurian (Norwegian classification). 

K of the eastern quartzite horizon the degree of metamorphism in the 
schists is increasing rapidly, especially in the central and northern parts of | 
the region, and less rapidly in the southern part south of Kvarnbergsvatt- 
net. E of the quartzite horizon there are chiefly biotite-porphyroblastic 
phyllites (besides some garbenschiefer) with increasing content of biotite, 
and often also increasing quartz stripes, with transitions into mica- 
schists to the EK. As in the garbenschiefer zone, there are plenty of amphi- 
bolitic rocks of igneous origin in the mica-schists, probably mostly ex- 
trusive, and of quite aschistose type. Intrusive amphibolites or green- 
stones appear more locally, and their primary structures are better 
preserved. Among the central gneissic mica-schists (in the east) it is 
often difficult to see which amphibolites are intrusive. They are, how- 
ever, of smaller extension. Round the western quartzite horizon from 
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Kvarnbergsvattnet to St. Blasjén they are rather common, as well 
as round the eastern quartzite in the region of Fjallskaftet—Bjérn- 
hojden. 

Further east, in the mica-schists, more gneissic rocks are common. 
These are often distinct injection-gneisses, partly as finer veins or lenses, 
though there are also masses of pegmatitic granite in the mica-schists. 
As V. M. Gotpscumipt (17) has described in the Stavanger region, 
the injection of trondhjemitic material is here too more wide spread 
than that of potash-granite material. The injection of trondhjemitic 
material has chiefly taken the form of narrow veins and lenses. The 
potash granites or pegmatites are often seen as big uniform masses. 
In some cases, however, they only appear as large, porphyritic, penetra- 
ting feldspars in the side-rock. Certain types of schists also have much 
plagioclase feldspar. It is thus often difficult to determine whether the 
feldspar is injected or primary without a close investigation. It is 
especially difficult in the fine-grained mica-gneisses. 

The injection of granitic material is much more common in the mica- 
schists than in the amphibolites. These are usually not injected with 
pegmatitic or aplitic material. When it has happened, it has generally 
produced a formation of biotite in the amphibolites, or also a hydro- 
thermal alteration of the rocks. Sometimes migmatitic rocks have de- 
veloped between the amphibolites and the granitic material. The 
pegmatites may also have caused a local recrystallization of the 
amphibolites. 

The appearance of the peridotites in the regions east of the quartzite 
horizon — never in the synclinal (or central) part of the district — is 
fully analogous with their appearance in Southern Vasterbotten. Some 
occurrences, however, are not far from the quartzite zone. It is charac- 
teristic of the western-most occurrences that they are generally more 
serpentinized than the occurrences in the crystalline schists. The large 
peridotite mass of Klumpliklumpen east of Jorm, for instance, is situ- 
ated close to the garbenschiefer zone and is very much serpentinized. 
In the crystalline schists a strong serpentinization is only appearing 
locally, and is generally connected with the hydrothermal alterations 
following the intrusion of the granites (pegmatites or aplites). 

In the region south of Kvarnbergsvattnet where the transition from 
the garbenschiefer or biotite-porphyroblastic facies to the crystalline 
schists is wider, much serpentinized peridotites occur in the area between 
Lindmon (= Bygge) and 8. Digerhésen. 

The occurrence of trondhjemitic granite at Brattasrue near St. Blasjon 
in the garbenschiefer zone is remarkable. The granite there has not 
produced any visible contact-metamorphism on the surrounding rocks. 
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The conditions made it impossible to see, whether the granite is older 
than the surrounding rocks or not. 

On the Frostviken map, plate 2, the black areas are exposures of 
peridotites. The crossed-line areas of mica-schists and gneisses also in- 
clude amphibolites, though larger occurrences are specially marked. The 
western limit of the biotite-porphyroblastic slates and garbenschiefers 
is rather diffuse, as the appearance of the porphyritic biotites in the 
phyllites is gradual. The observed parts of the quartzite-conglomerate 
horizons are marked by circles. The average width of the conglomerate 
is about 70 m. The neighbouring limestone or marble is exposed in 
some places at the southern part of both the western and eastern hori- 
zons. The width of the limestone horizon is only a few metres. The 
limestone zone in the northern part of the area is more conspicuous, 
its width being about a hundred metres. The phyllites W of the western 
quartzite horizon can be divided into two divisions, the first one quartz- 
phyllites and the second, western one calcareous phyllites close to the 
Norwegian boundary, turning into Norway in the south. 


a. The region round Muruhatten—Lillfjallet. 


For a closer investigation of this region, and in order to study the 
metamorphism of the peridotites and their relation to the surrounding 
rocks, an old forest map, scale 1 : 8000, has been used as basis for the 
mapping. It is here reduced to 1 : 20 000 (plate 3). 

The area is situated at the southern border of the topographical map 
of Frostviken at the Swedish—Norwegian border. The peridotites in 
this region are better exposed than in any other that the author has 
visited. There are some soapstone quarries here, especially at Muruhat- 
ten, and this has further exposed some of the contacts to the surrounding 
rocks, 

Topographically, Muruhatten is the highest point, about 625 m above 
sea-level. Siterberget is about 610, Lillfjillet 604, and Overvattsberget 
not quite 600 m. These hills are rising above the general level, which 
is sloping northwards from Lillfjallet and southwards (or SW) from 
Muruhatten. 

The rocks are chiefly mica-schists, injection gneisses, amphibolites, 
and peridotites. In the central parts of the area the schists are strongly 
injected with granitic or pegmatitic material. In large parts injection- 
gneisses prevail, e. g. in Lillfjillet. In these places the primary material 
of the schist is hard to discern. Alternating portions of injected gneisses 
and simple mica-schists commonly appear. The coarse, distorted gneis- 
ses or augen-gneisses are generally more easily recognized as injection 


Bd 57. H.2.] PERIDoriraEs, SERPENTINES, AND SOAPSTONES. 161 


gneisses (of dominant igneous material) than the thin-banded, veined 
gneisses which it is not always possible to distinguish from the gneisses 
of wholly sedimentary origin. 

The pure granitic or pegmatitic material may appear as separate 
bodies. In one case a pure pegmatitic granite has been observed, about 
ee in length and 25 m in width. Fig. 6 shows pegmatite lenses in a 
schist. 


Fig. 6. Pegmatite intrusion in mica-schist. W of Muruhatten. 


The injected gneisses are not prominent along the southern border of 
the map, nor in the NW parts. This may be due to the richer occurrences 
there of amphibolites, which are not easily injected. 

The simple mica-schists are generally thin-banded, often with separate 
layers of mica and quartz with feldspar. They are rich in quartz, and 
may partly be designated as mica-quartzites and quartz-mica-schists. 
A pronounced feldspar content, of acid plagioclase, is mostly present. 
Some types from the neighbourhood of Muruhatten have the following 
proportions of mineral content: 
quartz >muscovite > biotite > pistazite and orthite > garnet > feldspar > 

>zoisite, : ; 
quartz > plagioclase > muscovite > biotite >chlorite > pistazite >magne- 
tite > zoisite, 
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quartz >chlorite > plagioclase >biotite>>ore minerals >epidote >tita- 
nite >apatite, 

quartz >biotite & chlorite >muscovite = plagioclase > garnet >pyrrh- 
otite & chalcopyrite, 

quartz >carbonaceous material and magnetite > biotite > garnet, 

quartz >plagioclase = biotite >chlorite >magnetite >carbonaceous 
material>zoisite>tourmaline = muscovite2rutile. 


Mineralogically, the granitic intrusions are of rather pegmatitic 
composition. They are, however, not as coarse-grained as regular peg- 
matites. They might sometimes be classified as aplites. Rather differ- 
entiated fractions, with feldspar or quartz dominant, occur. The al- 
kalies are generally differentiated, as the pegmatites have either pre- 
vailing acid plagioclase or potash feldspar. The larger granitic bodies 
have principally predominant potash feldspar, while in the smaller lens- 
es sodic plagioclases prevail. The former are generally coarse-grained, 
the latter rather fine-grained. A common type is a pegmatitic rock 
with fine-grained plagioclases and large augen of microcline. The follow- 
ing mineral proportions were obtained from thin sections of granitic 
rocks: 


microcline>quartz>albite (Ang) >>sericite (granophyric texture), 

microcline > quartz > muscovite > plagioclase, 

quartz >microcline> biotite > muscovite > plagioclase, 

plagioclase>microcline> quartz > muscovite > biotite, 

quartz>muscovite = microcline>plagioclase (An,;)>>garnet>bio- 
tite, 

microcline> quartz > plagioclase>muscovite > > biotite >zoisite, 

plagioclase (An,,)>quartz>microcline > muscovite > > garnet, 

plagioclase (Anjs) > quartz >muscovite > > biotite > > zoisite, 

aplite: quartz>plagioclase (An,,)>biotite>>garnet>rutile>zoisite. 


The injection gneisses are generally richer in plagioclase than in pot- 
ash feldspar. They may vary from coarse-grained to fine-grained, and 
are gneissose or schistose in structure. The composition of the gneisses 
K of Muruhatten may be taken as an example: 


quartz > plagioclase >microline (or orthoclase) = biotite>muscovite > > 
magnetite (and pyrrhotite). 


The microcline occurs as large augen and also as very small grains. 
The plagioclase is of varying composition, averaging about Abs Ang. 
The biotite is strongly pleochroic, and partly altered to chlorite. 

The amphibolites are schistose and commonly fine-fibrous. They 
consist of amphibole, plagioclase, clinozoisite, rutile (or sometimes 
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titanite), and eventually quartz. The amphibole is a common, green 
hornblende. Its optic properties were examined on the universal 
stage: 


Ngee 1 (Ee Civ = 16722. 


The pleochroism is: y greenish blue = f olive green> a yellowish 
green. 

The birefringence is about 0.024. 

The plagioclase is an oligoclase or andesine, generally about Ab;;Anos, 
but sometimes much more calcic. 

The pegmatitized amphibolites have a certain biotite and quartz 
content, and the amphibole is of weaker pleochroism and an increasing 
optic axial angle. 

No primary structures are visible. with the possible exception of one 
rock which has a structure reminiscent of an uralite-porphyrite. 

The amphibolites occur almost everywhere in the mica-schists, gener- 
ally as inconspicuous layers. This has induced the author to regard them 
as chiefly extrusive. Where the amphibolites are scanty the injection 
of granitic material is more prominent. 

The peridotites are abundant in the region. Most of the conspicuous 
hills are peridotites, e. g. Overvattsberget, Smalsundsberget, Muru- 
hatten, Saterberget, and Mullberget. Many smaller occurrences are seen 
in the district. They are most frequent along a certain course, of the 
general direction Overvattsberget—Muruhatten—Mullberget. This is 
the main direction of the folding axis, which is undulating with an angle 
of pitch seldom exceeding 25°, and generally less. 

The peridotites have taken part in the folding, and the schists are 
often folded into the olivine rocks as narrow troughs and ridges. It is 
thus generally possible to determine the folding axis by the outlines of 
the peridotite ridges where the contact surfaces of the shists are still 
visible. The conformity of the ultrabasic rocks to the folding may be 
seen in the drawing of Muruhatten (plate 5). As the massives consist 
of very hard and resistant rocks, the trends of the folds will naturally 
deviate here and there along the flanks of the masses, but keep their 
main directions. 

Petrographically, the rocks are dunitic, with the exception of one in 
Overvattsberget which has been briefly described above (p. 155). 
Enstatite is very rare in these peridotites. The fayalite content of the 
olivines is according to optic measurements: 


Mullberget: 2Vy = 871/,° + 2°, a = 1.654 + 0.002, corresponding 
to about 8 mol. % of Fe,SiO, according to WINCHELL. 
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Siterberget: about the same axial angle, 

Muruhatten: 2V, = 891/.° + 2°, a = 1.664, y = 1.701 + 0.002: 12 
—15 mol. °/, another rock specimen showed a smaller 
axial angle, 

Smalsundsberget: 2V,, = 881/.° + 2° (17 mol. % Fe.Si0,). 


The composition thus varies from the otherwise usual content of 8 
mol. °% to a variety rich in iron of about 17 mol. % of fayalite. 

Tremolite (or actinolite), serpentine, chlorite and tale occur in varying 
amounts as secondary minerals. Some rocks, e. g. Mullberget, are hardly 
altered at all, while others, especially small bodies, may be very much 
altered. The processes of alteration and their appearance will be de- 
scribed later. 


Muruhatten. 


The ultrabasic rock of Muruhatten is a typical peridotite protuberance 
above the more easily eroded mica-schists and amphibolites (fig. 1). 
Its summit rises 115 m above the tarn Lilla Muruhattjirn in the W and 
85 m above the larger tarn Stora Muruhattjirn in the NE. 

An area, about 600 m long and 500 m wide has been mapped in the 
scale 1: 1000. This has been reduced for reproduction to 1: 3000 (plate 
4), For this purpose some simplifications and combinations have been 
introduced, and small spots have been enlarged. Certain parts of it 
are reproduced in about the original scale, and some details are drawn 
to a still larger scale. The location of these sections are marked on the 
large map by the numbers 1, 2, 3, 4, 5, 6 and 7, On a separate sheet 
a sketch map of Muruhatten in the same scale (1: 3000) is repro- 
duced, showing contour lines, tectonical units such as dips, pitches, 
direction of strikes and lines perpendicular to these of the turning 
points of the folding axes (plate 5). The outlines of the peridotite 
outcrops are also reproduced. The pitch of the folds is sometimes 
clearly to be seen on the surface of the peridotite, and in many places 
it has almost been possible to follow the undulating lines of the pitch. 
Some minor bends of the axes may occur that have not been noted. 
The axial lines evidently converge abruptly in the W, marking the 
termination of the peridotite. In the EH, on the contrary, the lines of 
pitch show that the ultrabasic has formerly continued up in the air, 
though it is now eroded. 

One cross-section and one longitudinal section of the ultrabaics rock 
were sketched, the latter composed of three separate lines, as the 
greatest extension of the massive forms an acute angle with the direc- 
tion of the folds. The construction of the base of the peridotite is marked 
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by dotted lines as the pitch angles might be different deeper down than 
on the surface. 

The sections show that the ultrabasic body may be regarded as a 
laccolith, the southern parts of which is broken in the folding. The 
surface of the western parts of the ultrabasic rocks corresponds closely 
to the original contact against the overlying rocks. It is only in the 
eastern-most parts that erosion has had any great effect. The cross- 
section displays a thrust of the folding towards the south. It is common- 
ly observed in this region that in the folding the thrust has come from 
NNW to N. 

The surrounding rocks are finely schistose amphibolites in the west- 
ern-most part, and elsewhere mostly quartz-mica-schists, although a 
narrow zone of amphibolites is found next to the peridotite in the north- 
east, as well as more centrally in the south-west. 

The mica-schists are thin bedded, grayish schists, rich in quartz. 
They consist of quartz, micas, acid plagioclase in that order, generally 
with some garnet, pistazite, zoizite, pyrite or pyrrhotite, and chlorite 
secondary to biotite. Magnetite, rutile, titanite, orthite, apatite, carbon, 
and tourmaline are occasionally seen. Pegmatite injections, which are 
predominant in the surrounding region are here accidental. They are 
met with particularly along the margin of the ultrabasic in the central 
western parts. On the north-eastern side aplites appear among the 
mica-schists and amphibolites. They are sometimes accompanied by 
quartz veins. 

The peridotite at Muruhatten must originally have been a dunite, as, 
with the exception of magnetite, olivine is the only primary mineral 
observed. No pyroxene has been noticed, and neither bastite nor _ 
talc pseudomorphs occur after a mineral indicating bronzite. As will be 
seen from the analysis below, the olivine is of intermediate composition, 
differing from the general type examplified by the analysis from Jun- 
sterklumpen. The latter, however, may be a trifle more forsteritic 
than the average type of olivine from this region. According to the optic 
axial angles, the rock in the central part of Muruhatten is slightly richer 
in Mg,SiO, than that analyzed. Following in this respect the olivine, 
the serpentine contains somewhat more iron than the common type. 
Macroscopically observed, the olivines might be up to 3 cm. long parallel 
to C (frequently with 110), and about #/, to 2 cm. in the other direc- 
tions. The cleavages 010 and 100 are often distinct, and 001 is sometimes 
also visible. The cleavages are made still more distinct by the develop- 
ment of antigorite lamellae parallel to them. Other directions of intersec- 
tion of the serpentine are also common. The photo, fig. 9 shows anti- 
gorite in olivine. 


Bd 57. H.2.] . PERIDOTITES, SERPENTINES, AND SOAPSTONES. 167 


The antigorite appears as solitary beams (rays), broom-like beams, or 
spherulitic bunches. The length of the serpentine is less than the 
diameter of the olivines. 2 to 3 mm long antigorites are visible, and odd 
ones 5 mm in length, very thin and with twinned lamellae also. Twinned 
lamellae may be formed in bundles up to 3 mm in width, sometimes inter- 
sected by lamellae in other directions, and a kind of gitter appears with 


Fig. 9. Antigorite beams in olivine. Magnified 40 x, + nic. 


several large antigorites growing through each other, often in certain 
definite directions. 

At Muruhatten, chrysotile veins have not been seen in the olivine, 
though they are very common in other peridotites of the region as the 
‘first transformation. In this rock, however, all the antigorite is originat- 
ed from olivine. 

In the eastern outcrops of the central massive the serpentinization 
occupies less than half the rock, but towards the borders of the ultra- 
basic the alteration is much more advanced. In the western parts, as 
well as in the lenticular bodies along the sides of the main mass, the ser- 
pentinization is complete, and all the olivine transformed. A sample 
of antigorite from the western part of Muruhatten, composed of quite 
predominating antigorite with a few per cent of magnetite and a trifle 
of carbonate, was picked for analysis. Most of the magnetite was re- 
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moved by a strong electromagnet, and the rest was separated in Clerici 
liquid in a centrifuge. The limits were sp. gravities of 2.61 and 2.66. 
Impure grains were removed under a microscope. Some very fine dust 
of microscopic magnetite specks, and some brownish stains, could not 
be got rid of. They can only make up a fraction of a per cent of the ma- 
terial. 


Table 9. Analysis of antigorite from Muruhatten by R. Brix. 


Theoretical serpentine 


Mol. prop. Mol. % Mol. prop. Mol. % 
SiOs7 Fates 3 oes 42.94 7121 28.96 43.44 7 206 28.57 
AlsOsct Rete oF 0.46 45 0.18 
LY O SS gy 1.56 98 0.40 
CroQsmutsecc nia 0.08 5 0.02 
PeOwe Fak aee en 3.18 436 1.78 
MnO Pye. eee 0.07 10 0.04 
MEO, Shik See ok 38.92 9 900 40.26 43.58 10 808 42.86 
ORO Get cck nae Sr, — — 
Na20 + Ka0 — —- — 
HO tee emcee: 12.56 69.72 28.36 12.58 7 204 28.57 
HeOrenee omen. (s 0.30 
100.02 100.00 100.00 100.00 


Refraction indices: n, = 1.564 + 0,002, n, = 1.570 4+ 0.002 (im- 
mersion method). 

The birefringence of the antigorite varies between 0.006 an 0.009. 

A common olivine alteration product is tremolite or actinolite. It is 
always formed before antigorite and is more abundant in the marginal 
parts of the ultrabasic, particularly at the boundaries against the 
soapstone. In the central part of the peridotite amphibole is not promi- 
nent. It appears as fibrous crystals distinctly intersecting the olivine 
grains. Thin sections of it are colourless and it may be classified as an 
actinolite, poor in iron. Amphibole may quite predominate at the 
boundaries of the peridotite, and an actinolite or tremolite schist may 
be developed, generally accompanied by some tale or chlorite. In this 
rock the amphibole crystals are generally arranged parallel to the 
schistosity of the rock, but in the peridotite they appear without any 
orientation. 

A low chlorite content occurs in the more altered ultrabasic. It is 
an optically positive penninite, generally formed together with some anti- 
gorite, and particularly round magnetites. The chlorite is especially 
abundant in the hydrothermally altered peridotites with secondary 
disseminations of pyrrhotite and chalcopyrite. Two such rocks are in- 
dicated on the map plate 4. 


' 
, 
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A sample of peridotite close to the soapstone quarries at the southern 
slope of the massive between the profile sketches 3 and 4 was analyzed 
by R. Burx. 


Table 10. Peridotite from Muruhatten. 


SMO EN striec armen Se eae 49.03 81381 Actual composition weight % 
SWOT ae Se tr. — 
PAIS OGe Pita vee Poke 0.78 71 OL nn Cee ee ee a og 28.7 
RevOseetmar co kay See 1.46 OF A CtINOLCC a een meena tee 24.4 
CraQ)s tess ce che) us 0.34 22 all Pemee Gn hme Tt 24.8 
NG Olcott Mis ws pas 6.46 899 ALS OL tC weenie pace Aen 18.7 
ING) SEES en eee ie 0.18 18 Chlorited anemia sae 18 
LEG, eee er I eee 34.06 8 447 Brennneritewyatges seer. 0.3 
ORO mie ee ot bets 3 3.19 569 Macnetiteg ruts cateti os 6 1.8 
INERGY 0), pi eal ee a 0.05 8 100.0 
WGAG > eee ee Saar 0.00 
INA OMe arg essere: apnea none 
CORES co RES Ts on 0.15 34 
JE AOoy oe eae 4.31 2 392 
SO) og ae eee aioe 0.19 

100.10 
Semele ton in Yel ees 2.88 (R. Burx) 


The refraction indices of the olivine, as measured by the immersion 
method, were n, = 1.664 + 0.003, n, = 1.701 + 0,003. The optic 
axial angle 2V,., determined on the universal stage was 89° + 2°. 
These optic properties correspond to about 15 and 12 mol. °% of fayalite 
according to WiNcHELL. The calculation of the rock analysis has 
indicated a composition of 12 mol. % FeSiO, which may be a little 
too low. As the proportion of ferric iron is rather low, most of the 
iron was contained in the original olivine, and the magnetite per- 
centage was low. 

The amphibole was calculated as the actinolite of the amphibole- 
tale rock, table 17. The following properties of the actinolite in the peri- 
dotite was determined on the universal stage: 2V,., = 81.5 + 2°, 
e:y=14° + 2°. The antigorite and talc have been calculated accord- 
ing to the analyzed minerals from Muruhatten (Table 9 and 11) and 
the chlorite as that from Srattekjaure (Table 31 p. 216). 

Amorphous iron oxides are formed at the serpentinization of the 
olivine, and they are generally irregularly distributed. The chlorite is 
a penninite of a yellow-black interference colour and very faint pleoch- 
roism. It is frequently surrounded by borders of antigorite similar to 
the photos 58 and 59 on page 253. The talc is secondary to olivine and 
tremolite, and has developed later than the serpentine and chlorite. 
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As mentioned above, the border of the peridotite against the surround- 
ing rocks is generally enriched in tale and actinolite, particularly 
close to amphibolitic rocks. The contact surfaces of the ultrabasic are 
thus often transformed into soapstone or steatite composed mainly of 
tale with varying quantities of actinolite, chlorite, serpentine and — in 
certain parts — carbonate, generally breunnerite. The soapstone 
mainly consists of two components: either chlorite and talc, or actinol- 
ite and tale. Breunnerite bearing rocks occur at the uppermost contact 
of the peridotite in the NW but the carbonate is inconspicuous at the 
soapstones of the sides of the massive. 

The wall rock of the soapstone is usually a chlorite rock, which is 
a complete chloritization of an amphibolite, or a mica-schist. The 
chlorite schist is widely distributed along the contacts of the ultrabasic 
of Muruhatten, and often covers a wider zone than the soapstone. It 
is frequently a rather pure chlorite rock, with magnetite crystals as a 
common accessory mineral. A chlorite rock with large garnets (1 to 3 
cm) may also be typical. This one holds a little less magnetite. A 
vermiculite schist appears as a transition to the mica-schist. 

Part of the chlorite rock is usually developed as an actinolite- 
chlorite schist, with long prisms of actinolite, sometimes several cm 
in length. Chlorite rock with anthophyllite and actinolite is occasionally 
met with. Towards the soapstone, the chlorite-actinolite schist passes 
into a talc-actinolite rock. Anthophyllite is only found in chlorite 
rock. Towards the amphibolite remnants of zoisite and ilmenite may 
be detected. The chlorite of these rocks is a clinochlorite of high 
birefringence, rather large axial angle, and faint pleochroism. 

The following rock sequence can be given as a typical instance of 
more complete type of transition: Serpentinous dunite, serpentine- 
olivine-actinolite rock, tale and actinolite bearing serpentine, talc- 
actinolite rock, tale-chlorite rock, chlorite-actinolite rock, chlorite- 
anthophyllite-actinolite rock, chlorite rock, amphibolite or vermiculitic 
mica-schist. 

The alteration products are better developed between the peridotite 
and the amphibolite than between the former and the mica-schist. 
The best developed soapstone deposits are localized at the appearing 
of pegmatites, aplites and tourmaline rocks. Where these rocks are best 
developed, the soapstone zones are the widest. Several occurrences 
are described in more detail in connexion with profile sketches below. 

The soapstones along the sides of the peridotite mass are rather 
devoid of breunnerite or ankerite, and carbonates are found only at 
the top of the body in the NW part. The peridotite here may also con- 
tain a little breunnerite, and it is richer than usual in talc. 
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Section 1, Muruhatten. 


W of the ultrabasic, finely schistose amphibolites crop out. Some dis- 
tance from the contact to the peridotite they are homogenous and of 
fine, needle-like schistosity. A volumetric analysis of one rock section 
showed the following composition: amphibole 78.7 °%, plagioclase and 
a little quartz 14.5 %, zoisite 5.6 % and rutile 1.2 %. The amphibole 
is a green pleochroic hornblende: y greenish blue = f olive green > a 
yellowish green. The axial angle is 2V, = 77° + 2°, the extinction 
angle 16 + 2°, and the birefingence about 0.024. According to the re- 
fraction indices the feldspar is an oligoclase about Ab;Ans. 


Peridotite. 
Soapstone, 


Talc-schist. 


Chlorite schist with talc. 


Chlorite rock. 


Actinolite-chlorite rock. 


Amphibolite. 
Chromite ore body. 


Mica schist. 


Chloritized amphibolite with tour- 
maline-bearing aplite injections 
(transitions towards actinolite- 
tale rock upwards and amphi- 
bolite downwards). 


Fig. 10. Section 1, Muruhatten, 1930. 


The amphibolite in the lower part of the section has been intruded 
by aplites and is of a somewhat different composition. The rock has a 
high biotite content and generally more plagioclase and quartz. The 
pleochroism of the amphibole is weaker and the axial angle larger. 
One angle was measured to be 2V, = 85° + 2° (extinction angle 
13.5° + 2°). The biotite and the hornblende are partly altered to 
clinochloritic chlorite. The aplites are fine-grained and irregularly 
distributed. They may be composed of plagioclase (about Any»), quartz, 
biotite and tourmaline, garnet, chlorite, sericite, rutile, zoisite, and 
pyzrhotite. 

There might have been some mica-schist beside the peridotite, though 
this is hard to distinguish from aplite injected amphibolite. 
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Next to the soapstone the rocks are transformed to chlorite-schists, 
partly with actinolite. These pass into an inconspicuous, uneven zone 
of tale-actinolite-schist, and later into a wider zone of soapstone consist- 
ing of chiefly tale with a little chlorite and sometimes breunnerite. All 
the actinolite is transformed into talc. 

In the middle of the soapstone a thin zone of pure talc can be distin- 


guished. There has been some gliding here, which has probably been — 


the cause of the development of pure talc-schist. This zone may be 
considered the original contact-line of the peridotite. , 
A pure specimen of white tale was analyzed: 


Table 11. Tale from Muruhatten. Analyst R. Brix. 
Mol. prop. Mol. % 


ro LO Wbcee yremeenihon nt ey OO dante 62.61 10 883 49.8 

ATSO 8. ios, Pancreat 0 eee tr 

WesOste. of cast s.t re -— 

ReQ. aie ea oes 2.46 342 1.6 

MnO. tune, eae neg 0.01 1 

MoO yete ne oie ance 30.22 7 495 36.0 

HaQtoe om teas dra ok. Someone 4.72 2 620 12.6 
100.02 100.0 


Sp. gr. 2.791 (Brix) 


y = 1.596 + 0.003 (immersion method) 
a = 1.550 + 0.008 


The peridotite just above the soapstone is much altered, actually 
into a tale and a little breunnerite-bearing serpentine. 

The soapstone zone above, at the border of the main mass of the 
peridotite, is not completely transformed, and is therefore harder, with 
a rest of serpentine and actinolite. The rock complex designated a 
talc-chlorite-schist in the section has a rest of chloritized mica-schist 
and is not quite homogeneous. . 

At the border of the peridotite, on the right hand side of the section a 
body of chromite ore is seen. The photo fig. 11 and the sketch fig. 12 
give a closer view of the mass. The main body is composed of predom- 
inant black chromite with a little chlorite. An analysis by Statens 
Provningsanstalt (a sample of 5.6 kg out of 25 kg) gave: 


Gr, oF Sued don ns OO aa 
LiF eer RP rsa pA ge (MRE 
Erte at tet oles sm Bee Ss BEER EOED EL 


As a chrome ore it is rather poor in Cr,0,. The outcrop is not a true 
cross-section, but an oblique one, and the depth of the body is only a 
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few metres. The transition from the ore to the peridotite is rather 
abrupt, with uneven contours, and the surrounding rock is not rich in 
chromite grains. 


Py aa 


Fig. 11. Photo of a chromite body in the peridotite of Muruhatten, 


(\s 


fo) 1 2 3 rf Sm. 
n 


Fig. 12. A outline drawing of the chromite body. 


Other concentrations of chromite have been observed at Lejar- 
klumpen, Rautats, St. Vaktarklumpen, and — in very small bodies — 
at Junsterklumpen and N of Bygge (Lindmon) in Frostviken. They gene- 
rally occur as bands or sheets from a few em to 1/, m wide and from one 
to several meters long. They may show a sharp contact against the 
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surrounding peridotites but transitions are also observed. The peridotite 
close to the chromite ore is not more altered than the surrounding rock. 
The chromium content of the Lejarklumpen ores is about the same or 
a trifle higher than at Muruhatten. At Rautats the percentage of chrome 
may be higher, up to 49 % of Cr,0,, but the ore bodies are inconspicuous. 
Purple crystals of kammererite about 1/, cm in size occur in fissures 
of the chromite body of Muruhatten. Otherwise, chloritic minerals 
mostly occur between the chromite grains. In less altered peridotites 
the grains between the chromites may be predominantly olivine. 


Section 2, Muruhatten. 


A close description of an injection of pegmatite accompanied by a 
tourmalinized zone around, intruded at the wall-rock contact of the peri- 
dotite, will be given below, together with sketches of the arrangement 
of the rocks. 

One longitudinal- and one cross-section show the developments round 
the injected granite or pegmatite. The photo, fig. 15 illustrates the in- 
jection-gneiss, and a »tourmaline-schist» above this. Fig. 16 is a photo 
of the tourmaline rock below the injection gneiss. The tourmaline aureole 
around the injection gneiss is more compact on the lower and more 
diffuse on the upper side, in the migmatitic schist. 

A rock sample of the injection gneiss was analyzed. 


Table 12. Injection gneiss, Muruhatten. Analyst I. Sucksporrr. 


SLOse a Oo:28 9 823 Norm Actual composition 
ABEOR 5 oh uh al 
AlzOs . . 20.50 2 006 Ore peetb.0L Plagioclase (Anis). 65.0 % 
FesOs .. 1.87 115 Aare) (ll QuartZoy. wae 6.0 
FeO... 4.64 646 Any 4 0.00 Biotited.s ss as 22.0 
MnO... tr. COP wets GGarnetie. woe cecum 5.0 
MgO... 2.58 640 ZSal . . 84.39 VANEMICE, S605 ito. 0.3 
OO sir ets ol. 79 319 MgSiOs . 5.40 Magnetite ..... Se 
NaxO .. 6.78 1085 Hy\yegios . Sea 11.08 100.0 
KO Pew s.02 267 Mg2SiOsu . 0.77 
ieee, 4. CORD 989 «(Ol Este ae 1.69 Apatite less than. . O.1 %- 

100.38 Mis er 2:78 
Sp. gr. = 2.78. = Fem. 15.56 

Akerose 


In the actual composition, the magnetite, zoisite and garnet are calcu- 
lated according to Rosiwal measurements. The composition of a garnet 
from section 5 is given on p. 190. The plagioclase has been determined on 
the universal stage as Any or An. According to the calculation of 


1 


- = 3 
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the rock analysis it is Abs; Anis. The quartz and biotite are calcu- 
lated as the rest. The composition of the biotite (with estimated TiO, 


Serpentinized peridotite. 


Soapstone (tale-schist). 


Chlorite-schist. 


Tourmaline- (migmatite) 
schist. 


° 
Sa NIK? eg htt : 
o ul) Injection-gneiss. 


Fig. 13. Detail map 2 a, longitudinal section. Inclined view (as seen by the cross- 
section, fig. 14). 


Legend as in fig. 138. The lowermost 
rock of this section is a transitional 
rock between soapstone and serpen- 
tinized peridotite (crosses and circles). 


Fig. 14. Detail map 2b, cross-section. Vertical view. Muruhatten. 


content) will be about: SiO, 37.8 %, TiO, 1.5, AL,O.521.0, Ke,0,. 2.2, 
FeO 11.5, MgO 13.0, Na,O 0.9, K,0 9.4, H20 2.7 (weight %). 

The rock analysis showed a little less plagioclase and quartz, and a 
little more biotite than the Rosiwal analysis. Another rock specimen had 
a considerable content of muscovite, nearly equal to that of biotite. 
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The rocks are schistose and folded, sometimes coarse-grained and 
sometimes sugary-grained. The large plagioclases have poikilitic inter- 
growth of small quartz grains. The largest mineral is the garnet. The 


‘ od 


¢ til a 
yn ee ee 
le 


Fig. 15. Photo of injection-gneiss, with »tourmaline-schist» above. 
From section 2a, Muruhatten. 


muscovite, when present, is larger than the biotite which is bigger than 
the smaller grains of feldspar and quartz. The zoisites are always 
small, and the apatites are very minute. 


By comparison with the injected pegmatites in the schists round- 
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about the described rock was found to be of the type in which 
plagioclase dominates, and at the same time to those poorest in lime. 
As most of the injections at the peridotite borders it is poor in quartz 
and rather rich in biotite. 

As will be seen in the photo fig. 15 the pegmatite injections are rarer 
higher up. The rock here is complex. It has originally partly been an 


Fig. 16. Photo of tourmaline rock beneath the injection gneiss. 


amphibolite and partly probably a mica-schist, which have been in- 
jected by pegmatites, and subsequently by pneumatolytic and hydro- 
thermal solutions. The minerals of the rock are the following: plagio- 
clase, tourmaline, hornblende, biotite, muscovite, chlorite, garnet, 
rutile, zoisite, ilmenite, epidote-orthite, zoisite-orthite, and pyrrhotite. 
The rock is generally coarse-grained with unequal distribution of the 
various minerals. In the lower part, feldspar generally predominates 
and in the upper parts biotite (vermiculite) or chlorite.. 

The tourmaline is a permanent constituent, varying between a few 
and 20 % of the rock. It appears as large, poikiloblastically idiomorph- 
ic crystals, a few cm in length and */, to 5 mm wide. The pleochroism 
is strong, with E pale yellowish green and O olive green. The colour is 
not even, and in some tourmalines O may also be bluish green. The 
colour at the edges is often weaker than in the central part. 
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Table 18. Tourmaline from Muruhatten. Analyst R. Brix. 


Mol. % 
SiQe: te Nae Altes 36.70 6 086 38.0 
THOss 38. ioe Roan eee 1.38 172 ed 
AlsO8' Rapes eee eee 30.97 3 030 18.9 
Bess Gn tac ee Lees 108 0.7 
CreOs 48 7. Seeman 0.03 2 a 
WeO s. S oe aes ete aT oi 2.94 409 2.6 
MnO" ge. an 3 Cee ae no tr 
MgO sy Soar tS  e ee 8.83 2190 17 
Ca Otte .aes epee re. 1.68 291 1.8 
NasO ya cet set eee 2.49 402 2.5 
Ks be ance Seer a ee 0.21 22 0.1 
BUO et Gh Bactetnd & c no tr 
PaQp) it) oo ee ee ee no tr 
BsOg at ee fas, oe 9.50 1364 8.5 
Ho OS Una, te id oceans 3.49 1S BY! 12.1 
HoQOmer a oy cue ae ee 0.17 
Pea cot cttitin Loire awe ee no tr 
100.07 
BD. ft seo ant ho, oh eee Ose 
Nidseast te. tenis we to Ree ROO 
CN pies ces ee ta eee 


The refraction lines of the polished surfaces observed on the refrac- 
tometer were not quite distinct, at least not that of nw, evidently 
owing to zonal growth of the crystals. According to the formulas of 
F, Macuatscuki (32) the composition of the tourmaline corresponds to 
[Na.Ca] [MgsAlio] BoSitgH,,0o3 (BO, is a little too low and water a little 
too high for this formula). 

The plagioclase of the migmatitic rocks (outside the pegmatite in- 
jections) is mostly somewhat sericitized and saussuritized, and shows 
undulous extinction. It constitutes the matrix between the other 
minerals, and it is often hard to discern. According to the traces 
of cleavages observed with the universal stage, it varies between 
Ab Ang and AbggAngs. The refraction indices of one fragment were 
a = 1,544—1.545 and y = 1.553—1.554 as determined by immersion 
liquids, corresponding approximately to Abs;Angs. The feldspar of the 
rock is therefore similar to that of many amphibolites in this region. 
It is chiefly derived from the plagioclase of the amphibolite. 

Here and there the hornblende is an abundant component, but it is 
sometimes absent. The crystals are large, with strong absorption but 
weak pleochroism: y green = 6 brownish green > a yellowish green, 
The optic axial angle is 2Vy = 89° + 2°, the dispersion o>v, and 


q 
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the extinction angle c: y= 16° + 2°. The amphibole is evidently a 
common hornblende with a tendency toward the pargasites. A rather 
similar variety is described by E. Grip (20). ‘ He gives the following 
data: 


a = 1.645 + 0.003 

y = 1.672 + 0.003, y—a = 0.023 

2V negative close to 90° (2Vy = 88, 88, 93°), 

pleochroism: y greenish blue, f olive brown, a pale yellowish brown, 
sp. gr = 3.162. 


The author has received from Prof. H. Backiunp (personal com- 
munication) the chemical data of an analysis of the hornblende de- 
seribed by Grip, which will soon be published: 


Table 14. Hornblende from zoisite-amphibolite, Nieripeivi, Soutsfjillet, 
Visterbotten. Analyst N. Sanuzom (after H. Backiunp). 


Mol. % 

SiOsae er ar ea te Mae a Ae ty 45.07 7474 45.02 
OOF tty Pasian es ee 0.60 75 0.45 
AIS OS POMBE AS) colt Aur 3) 03 13.82 1 352 8.14 
HesOs tate) meer ck. s 1.82 114 0.69 
OOM. asa | REA tee 10.58 1472 8.87 
Mit Oe ne See eee ee ta rae ss 0.16 23 0.14 
CaO ieee ee RS tte 6! 6 11.68 2 082 12.52 
Mo OMe lee toma hs) a. & 12.74 3 160 19.02 
Naa Oe meet nacre Satelite sce 2.67 431 2.60 
Kg Opa tencta-ty orl ale tes: Ss 0.33 35 0.21 
FETS Oe pres os cg ea IE cts a 0.70 388 2.84 

100.17 100.00 


The biotite, with pleochroism: y olive-brown> £6 brown> a very 
pale yellowish, is sometimes intercalated with muscovite, and is often 
changed to chlorite. The muscovite occurs as thin flakes of sericite as 
an alteration of the feldspar, but it is also an independent component 
of the magnitude of the other minerals. The chlorite is a clinochlorite 
with an anomalous greenish birefringence of about 0.007 and of visible 
pleochroism: a pale bluish green, y almost colourless, The axial angle 
is small though visible, and the extinction angle is about 3°. The chlor- 
ite is principally secondary to biotite and amphibole, but also to 
tourmaline and garnet. 

The zoisite is mostly an alteration product’ of plagioclase. In two 
rock specimens it is perfectly recrystallized, forming idiomorphic prisms. 
Its interference colour is abnormally bluish, and it has often a core of 
brownish yellow (parallel light) orthite. Pistazite-orthites are also seen. 
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Pleochroic halos around the zoisite-orthite, pistazite-orthite, and rutile 
occur in the biotite and in the chlorite. The rutile forms small allo- 
triomorphic grains which may be partly altered to ilmenite. 

Garnet occurs as a large, red, idiomorphic mineral of the same type as 
that of which an anlysis is given on page 190. 

The varying mineral proportion in four different rock samples is as 
follows: 


1) plag. >biotite = chlorite > garnet >muscovite >tourmaline = horn- 
blende > zoisite >rutile >ilmenite > orthite. 

2) muscovite>plag.>hornblende >chlorite>tourmaline > biotite > gar- 
net >ilmenite. 

3) hornbl.>plag.>muscov. = chlorite>biotite >tourmaline > zoisite > 
garnet = rutile >pistazite-orthite. 

4) biotite >chlorite>tourmaline > plag. >rutile > zoisite-orthite. 


One rock specimen has been analyzed: 


Table 15. Tourmaline migmatite-schist from Muruhatten. 
Analyst N. Sanuzom. 


Si Oat co cmemhaemeenc 41.35 6 857 Actual composition. 
TiOsnvena: tty.» 1.62 202 Plagioclase.~...,.: meme des 33.7 % 
ATSC) Stary cheb ps 29.21 2 857 Hormblende. 22: osama 15.6 
Hes srats Balk dives igs 1.20 75 Tourmaline s=:.gs0.< alent 12.6 
We mre che coe 6.22 726 Mnsoovite).s:. sia) oa 10.8 
LEO ES chars Seth 0.05 7 Chiov te sux.) suns ee eters Spy 
MoO eee ae oat 6.77 1679 Biotte' le wv. yaeee hee: 6.0 
CaQeer dt aoe eae 6.10 1 087 Hpidote ; <i, eee te 6.3 
NasQ) pasha ad teh 3.38 537 Gametiws 2 he. eee ees 3.4 
KisQie een es tals 1.60 170 Limeniter..< “eee ees 1.8 
BsOsmanen iia shes 1.15 166 Rutilet. 0: sees een ce 0.6 
Vise 6 aie ent tr. Pi 
Wi he 2.01 1116 ee 
HaQ)ree.. ce eke a — 

100.61 
SHON elle ky cous Sewer 2.90 


The mineral composition is calculated from the analysis, with the aid 
of Rosiwal measurements. According to this calculation the plagioclase 
is an andesine Ab,;An;;,. A slight excess of Al,O,, as well as a deficit of 
SiO, resulted. The tourmaline, hornblende, clinochlorite, and garnet 
were calculated according to the analyzed minerals quoted in this paper, — 
and the biotite according to the figures mentioned in the analysis of the 
injection-gneiss. 

The rock may be interpreted as a migmatitic rock of originally pre- 
dominantly amphibolite and probably some mica-schist, with an addi- 
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tion of pneumatolytic material from the solutions succeeding the pegma- 
tites. All these pneumatolytically injected rocks are extremely rich in 
Al,O3;. By the influence of these solutions the rock has recrystallized 
and some change of material has occurred. Some MgO from the peridot- 
ite may have been added, just as SiO, has been resorbed from the 
pneumatolytic or succeeding solutions. The formation of tourmaline 
is evidently favoured by the presence of rocks rich in MgO. 

The tourmaline has crystallized later than the plagioclase, hornblende, 
or mica. The zoisite is contemporaneous with the tourmaline, or some- 
what later. The chlorite soon succeeds the tourmaline. 

The upper part of the rock is mainly composed of biotite, tourmaline, 
chlorite, plagioclase, and rutile and passes into a rock predominantly 
composed of chlorite, in which the tourmaline soon disappears and 
anthophyllite and actinolite come in later. Talc then appears and the 
anthophyllite vanishes. This rock passes into a talc-schist rich in actino- 
lite. One such type has been analyzed: 


Table 16. Actinolite-tale-schist, Muruhatten. Analysts R. Brix and 
I. SucKsDORFF. 


SEO wba. 4. wi ON) eh 58.18 9 640 Actual composition: 

PANTO SI ws ire: coe 1.16 113 AcCtinolite yi) lea 52.5 % 
es Sere. ss oh, 1. 0.50 81 al CMe wwe, Lieto ets 46.4 
ONG O Sie ca tas tr. Magnetite 78 woe 30s as 3 0.7 
GOSS erect iets 5.01 697 ANKOTLtOmAMa LE miaent tert es |< __ 04 
Mi Otten oS --< 25.20 6 250 100.0 
CHO Aihara come 7.05 1257 
INA OR ies ce eae 0.04 6 

COS Tee eicin oh ats 0.20 45 

ELS Oana ime Per irs, grav as 3.32 1 843 

100.61 
ElsO) sieeece 1S 0.10 
Se Si, Ge eee 2.89 


Calculated from this rock analysis, the following composition of the 
actinolite is obtained: 


Table 17. Actinolite calculated from actinolite-tale-schist. 


Mol. % 

SOrae, Pee ee Pos B48 9 088 48.0 
MisOg Ree Rem abd 3) 2.2 215 la 
VS) Soe hl oo ee 6.9 960 5.1 
es De eS Ae ne ee am 20.8 5 159 27.9 
(ie o> 0 i ee 13.1 2 385 12.3 
SPW hd ite a. i 0.1 16 0.1 
Peres eee. ee kee 1166 22 
100.0 100.0 


13—343590. G. F. F. 1935 
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Observed on the universal stage: 2Va = 80.5° + 2°, c: y = 16° 4+ 2°. 
Polished surfaces of two actinolite crystals from another similar rock 
sample gave the following figures: 


1) 2) 

a = 1.6171 (Na-light) 1.6186 (Na-light) 
p==1.632305 2) 1.6331 » 

y = 1.6442 » 1.6445 » 

2V,, (calculated) 82° 16’ 82° 26’ 


The analysis and the optic data correspond closely with those of an 
actinolite from Greiner, Zillerthal according to W. Kunirz (29). The 
Muruhatten actinolite is only slightly richer in iron. 

As shown on the cross-section, fig. 14, the tale-schist widens down- 
ward and is connected with the soapstone on the lower side of the injec- 
tion-gneiss. A rock specimen of a typical soapstone was analyzed here: 


Table 18, Soapstone from Muruhatten. Analyst R. Brrx. 


SLO ste aiye. eee ane 58.28 9 665 Actual composition: 
AlsOs ss eevee ees 0.88 31 Tale sears joi So et ee 92.6 % 
CrsO sarc) cc ch ih 0.25 16 Chiorites: 255 .-danae eee 4.6 
H6sOsva:8 045) CPeck: 0.30 19 Ankeriten -pcrtjel a0 ie acie opens 0.2 
INE E eos reson: ata 5.24 729 Pyrrhoviters sect ee Rhee ee 1.8 
Mn Ose Genes 0.05 a Magnetite and chromite. . . 0.8 
MSO fee dre ta st 29.43 7 299 100.0 % 
CaO teat ates 0.18 23 
CORE ia ance cers 0.09 20 
See es eae 0.55 171 
HsO tate severe 5.038 2 792 
His () See tee rk (19 

100.37 
—O for 8 0.28 

1.0.09 
t/a o6 dum ct du Ruel mene Ar) 


The tale has been calculated as the remainder, which is exactly equi- 
valent to the analyzed tale. 

The peridotite next above the talc-schist is a transitional zone of 
much altered rock, still bearing actinolite and tale. It is rather like the 
analyzed peridotite, Table 10. 

The tourmaline rock on the lower side of the injection-gneiss is com- 
posed of predominant tourmaline with some chlorite, which passes 
first into chlorite rock and then into soapstone. The peridotite is not 
outcropping just below the soapstone. 
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Section 3. 


The vertical profile, fig. 17, shows a body of injection-gneiss in a 
narrow fold in the border of the peridotite. On the whole, it seems that 
these injections occur particularly at the boundary of the ultrabasic 
where they overlap the other rocks. This is a zone of movement, where 
less resistance might well have been offered to the injections, which 
seem to be intruded at the epoch of folding. 

The injection-gneiss is of the same type as in the central part of the 
former section. The mica-schists or amphibolites which were here 
originally between the injection and the peridotite have been incon- 
spicuous. The reaction rocks form thinner zones in this section. At the 
upper part to the left the injection passes out and is now eroded. The 
zones here therefore seem wider than they actually are. This also applies 
to the lower parts to the right where the injection body passes into the 
wall. 

The injection-gneiss consists of predominantly acid plagioclase (about 
Abs;Anj3) with some biotite, muscovite and quartz as the chief com- 
ponents. It is surrounded by a compact rock consisting almost entirely 
of tourmaline. This is surrounded by a wider zone of chlorite rock, 
with light coloured amphiboles at its outer margin, passing into a rock 
in which actinolite is dominant, and then into soapstone or tale schist. 
On the upper side, this tale-schist is not well developed, and forms tran- 
sitional zone toward the tale and actinolite bearing peridotite. 


Section 4. 


The detail map, section 4, shows a remnant of amphibolite between 
two blocks of peridotite, and the altered rocks between. 

The upper peridotite is similar to that analyzed (p. 169), only slightly 
more talc-bearing near the border. The weathered surface of the lower 
peridotite is shown in the photo, fig. 18. Large crystals of olivine with 
serpentinization of ray-like antigorites oriented in different directions 
have been attacked by later developed tale and a little breunnerite. 
In certain spots actinolite is visible, often of spherulitic shape. The 
boundary of the peridotite is partly slickensided, with dense serpentine. 
An asbestos dike with cross-fibre serpentine asbestos is indicated on 
the drawing. 

The amphibolite in the centre is developed as a coarse-grained rock 
with idiomorphic crystals of zoisite, large tourmalines, hornblende, and 
minute grains of rutile. [menite or titanomagnetite occur as a secon- 
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Fig. 18. Photo showing a surface of peridotite. The dark spots are serpentinized 
olivines, and the light areas secondary talc. 


Tourmaline-zoizite amphi- 
bolite. 


Chlorite rock. 


Actinolite-chlorite rock. 


Soapstone with actinolite 
and chlorite, 


Actinolitic soapstone. 


Actinolite rock. 


Soapstone (talc-schist), 


Dense serpentine. 


Asbestos dike, 


Serpentinized peridotite 
with spherulitic actino- 
lite. 


Fig. 19. Section 4. Vertical profile, inclined about 18° toward the left. 
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dary transformation of the rutile. Part of the chlorite seems to be secon- 
dary after biotite. A rock sample has been analyzed: 


Table 19. Tourmaline-zoisite amphibolite, Muruhatten. Analyst R. Brix. 


SiOas:).) seers 35.64 5 910 Actual composition: 
T1Os 5) cate enemeroes 1.84 230 Zoisite 90785. ee 54.3 
AlsOs°... Caen mans 27.81 2721 Hornblendes 0.) seen 11.4 
Fess ope eee 1.40 88 Tourmaline»... eae LSet 
FeO... 5 Rua 4.72 657 Chlorite> 2°.5%.5. ee 19.0 
MnO.4 =. eee 0.10 14 Rutile son Ls eee ib! 
MgO: ot eres 7.56 1875 Ilmenite (Titanomagnetite) .. 1.0 
CaO2n i Ae 14.65 2612 Apatite: Si 025, | 5)2 coe 0.1 
NasO Su: puerta 0.41 66 100.0 
K30%.. : eee sara 0.05 5 
Bs03's- 5 epee 1,24 178 
PsO6-. %. See ee 0.06 4 
HeQtik, Sepeeemuae 4.14 2 298 
HaO=), ieee 0.88 

100.00 


As compared with the tourmaline-schist on p. 180, this analysis indi- 
cates a higher percentage of original amphibolite, with a greater hydro- 
thermal alteration (the content of alkalies is thus lower here). 

In the calculation, the zoisite was reckoned as the rest. This gave a 
peculiar composition of the zoisite, as the FeO predominated over the 
Fe,O;. Mineral fragments of zoisite were therefore partly analyzed by 
R. Bux and gave the following iron percentage: 


FeO 1.08 % (by weight) 
Fe,0, 0.78 % 


The rock analysis gave a little higher iron percentage, because the 
tourmaline and hornblende of the rock are probably richer in iron than 
those used in the calculation. The chlorite ought to be a trifle richer 
in alumina and iron than the analyzed one below. 

The zoisite forms idiomorphic prisms (about 1/. mm wide), with cleav- 
ages both parallel to the longitudinal direction and at right angles to 
this. The axial plane is perpendicular to the long axis of the crystal 
(B-zoisite) and the dispersion is strong @>v. The birefringence is weak, 
about 0.005, with distinctly abnormal colours, grayish blue or brownish 
yellow in different grains or in the same grain, when the bluish colour 
may be the central part and the yellowish the external. The optic 
axial angle varies between 2H = 15° and 2E = 52°. The bluish coloured 
zoisites have axial angles between 2K = 15° and 2K = 26° or a 
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little more, and the yellowish zoisites between 36° and 52° for white 
light. 36° may be the transition point between the bluish and yellowish 
interference colours. A measurement, on the universal stage of the 


Fig. 20. Beam-like anthophyllites in compact chlorite rock. The amphiboles show 
beginning resorption by the chlorite. || nic. Magnif. 20 x. 


axial angle of an abnormal bluish grain gave 2V, = 14° + 2°. With 
the immersion method the refraction indices were estimated to be: 


a = 1.708 + 0.003 
ae = 1h 7B rics 0.003. 


The tourmaline is of the same type as in the former section with large 
prisms up to 2/, cm in width. Refraction indices of powder of the tour- 
maline were determined to: 


a = 1.626 + 0,002 
y = 1.652 + 0.003 (birefringence about 0.025). 


The hornblende is allotriomorphic in relation to tourmaline and zois- 
ite. The strong greenish absorption is a little uneven. The pleochroism 
is weak, with y bluish green, # green, and a yellowish green. The 
axial angle is positive. It is determined to be: 


2V, = 84° + 2°, with an extinction angle of 16° + 2°. 
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The refraction indices were measured to be: 


a = 1.649 + 0,002, 
y = 1.671 + 0.002 (birefringence about 0.023). 


In the analysis it is calculated according to the one quoted on page 
179, table 14. 

The hornblende is much changed to chlorite. It is a clinochlorite, with 
a high birefringence of about 0.009, and weak pleochroism in green. 


The axial angle is relatively large, about 2E = 40°. The dispersion is ~ 


weak, with v>o. Outwards, the chlorite increases rapidly, and soon 
becomes quite predominant. The hornblende and tourmaline vanish 
before the zoisite, which may be seen as small remnants. The rutile is 
often transformed into ilmenite. Outwards, these are replaced by magnet- 
ite occuring as idiomorphic octahedra. Most of the rock round the 
amphibolite is chlorite rock composed of quite predominating clinochlo- 
rite with solitary magnetites and eventually minute remnants of zoisite 
or epidote, which are hard to discern. A sample was analyzed: 


Table 20. Chlorite rock, Muruhatten. Analyst R..Brrx. 


(20 a. The same with deduction of a little magnetite according to Rosiwal 
measurements.) 


20 a Mol. % 
Si0sa eee 30.58 5071 30.86 5118 22.84 
AlaOsae ae ened he 18.35 1795 18.52 1812 8.08 
CraOac.hs caret esas 0.02 1 0.02 1 
FesQgeirrs tours decks hs 2.00 125 1.53 96 0.48 
B6O'.- ecatee so eEee oie 6.31 878 6.14 855 3.81 
MiQ ear ctetm mere. 0.04 6 0.04 6 0.08 
MgO oe nictie eos ee Te 29.91 7418 30.20 7 490 33.41 
CaO: caterer tr 
NasOy KO eee _ 
HaOP a Seren omer ae 12.57 6977 12.69 7 044 31.40 
HsOmie ao eee ane 0.30 
100.08 100.00 100.00 


According to G. L. Dscuana.(18), the composition of the chlorite is 
51.3 % At, 44.0 % Sp and 4.7 % HsMg,Si,O,., or 51.3 %. At and 48.7 
% Sp, corresponding to clinochlorite. Determination of the refraction 
indices by the immersion method gave: 


a = 1.588 + 0.003 ' 
B = 1.591 + 0.003 
y = 1,596 + 0.003 

y—a = 0.009 (with the Berek compensator), 


a 
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The apparent optic axial angle is 2E = 23° + 8°. The dispersion is 
v>o. The interference colour is a slightly abnormal greenish gray. 
Pleochroism is weak but visible, with a = f green or bluish green >y 
pale greenish yellow. The extinction angle is about 4°. 

. Light coloured amphiboles appear towards the peridotites, more antho- 

phyllite than actinolite in the chlorite rock, actinolite alone in the tale 
bearing chlorite-schist. The amphiboles are unequally distributed, and 
may form enriched parts in the chlorite rock, though they are generally 
more common toward the ultrabasic, where the talc is increasing in 
number. Close to the contact of the peridotite serpentine may also occur 
in the soapstone. Slickensided rocks of almost pure serpentine occur 
sometimes at the border of the peridotite. This serpentine is an anti- 
gorite with a birefringence about as high as that of the chlorite and a 
rather small axial angle about 2K = —45° (+ 5°). 

In the same zone, a little beside the described section, a vertical pro- 
file has been measured: 


255—655 cm. Peridotite 


210—255 Actinolite-tale rock 

175—210 Actinolite rock 

139—175 Actinolite-chlorite rock 

119—139 Chlorite rock 

89-119 Amphibolite-greenstone 

50— 89 Chlorite rock 
7— 50 Chlorite rock with large magnetite octahedra 
O— 7 Coarse, fibrous actinolite rock with chlorite. 


Here the lowermost peridotite did not outcrop. The amphibolite 
(greenstone) in the centre is more chloritized than that in the section 
described above. Its composition is: clinochlorite>hornblende> > 
zoisite>ilmenite>titanite (leucoxene)>apatite. The hornblende is 
similar to that described, but is optic negative, with a slightly stronger 
pleochroism. It is very much chloritized. The zoisite occurs as allo- 
triomorphic remnants in the chlorite. It has bluish and grayish inter- 
ference colours. There is sometimes a core of a greenish epidote, of a 


higher birefringence. 


In another locality at Overvattsberget, where a pegmatite is intruded 
by the side of an amphibolite close to a peridotite, the amphibolite has 
been transformed into a zoisite-actinolite rock with clinochlorite, talc 
and quartz. The zoisite has a bluish-gray interference colour and a very 
small axial angle, but it often has a core of grayish yellow colour (+ nic.) 
and a large axial angle. — Certain parts of the pegmatite are strongly 
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mylonitized to a sugary-grained rock, and the amphibolite is in part 
strongly schistose with fibrous amphiboles. The peridotite also shows 
mylonitic zones, where the rock is sugary-grained with predominant 
breunnerite. 


Section 5. 


The detail map, section 5, illustrates the conditions at the eastern- 
most contact of the Muruhatten ultrabasic. The serpentine is tale-bearing 


Serpentinized peridotite. 


Actinolite rock. 


@feee] Actinolite-bearing soapstone. 
SSS 
oes 


ESSj Chlorite rock. 


Garnet-bearing chlorite- 
vy Vy 
schist. 


Amphibolite. 


[=] 
Mica-schist. 


“| Pneumatolytically injected 
schist. 


Fig. 21. Section 5, detail map of the eastern end of Muruhatten, 1930. 


at the contact and has an outer zone of actinolite rock which is 


not. conspicuous and often fails. The surrounding rock is a chlorite- 


schist with large magnetite crystals. This one is more extensively devel- 
oped, and changes outwards into chlorite-schist with large, porphyr- 
itic, reddish garnets, averaging 2 cm in diameter. The large dodeca- 
hedra have often small interpositions of magnetite (or titanomagnetite), 
quartz or feldspar, and alteration products of chlorite. An analysis was 
made of picked material: 


Table 21. Garnet from Muruhatten. Analyst R. Brix. 


Mol. % 


OR ira cas Maes 37.21 6171 42.52 
PRO asics alee; at 0.14 17 0.12 


. 
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Mol. % 

FNUGSO ge ee 20.97 2 052 14.12 
COD s meee nae 0.02 iL 0.01 Refraction index: 
HeIO seem 0 ara 0.04 2 0.01 (determined by K. LupAnpDER, 
DeO ee ora een Oe 32.65 4 545 31.38 Helsingfors, on prism.) 
MnOge 242". aoe? 2.02 285 1.96 
ENG Olrecr Set nay OS 2.74 680 4.69 A=579 wu n=1.8083 
WHO Mi bast acne oe 3.67 654 4.51 546 =1.8107)+ 0.0003 
NasObiiec ese ate. te 0.14 23 0.16 436 = 8311) 
Ea (ee permite, Yast ies 
PlGO ec ie oa ().15 83 0.57 
Hise Ue) ee 0.10 

99.85 100.00 


Sp. gr. 4.145 + 0.002 (Brix) 


The analysis corresponds to: 


Mol. % Weight % 


PATIL AICO MG are Meee pein ee Oxi 0.1 
PAUINANG ICs cee, me, or: oe he ee 73.8 75.0 
SPOSsaLtliemem ured erie me. 4.6 4.7 
EV TODCME states elas Se Gorges ht 11.0 10.5 
Grossularitous ra eere “ol lose! “ae 10.5 Ohi 


A similar garnet from Junsterniset is also analyzed (see below, p. 198). 
The chlorite-schists show transitions to vermiculitic types, and by 
their macroscopic appearance they are evidently alterations of original 
mica-schists. The alkalies were removed by the transformation, as well 
as some silica and lime. The interchange of material with the peridotite 
has brought about an increase of MgO and a deposition of S10, and CaO 
at the peridotite border. Nearer to the ultrabasic the garnets in the 
schist are chloritized. 

The outcrops north of here, designated as pneumatolytically injected 
schists, are rich in plagioclase, quartz, hornblende, tourmaline and 
sulphides, besides garnet, chlorite, biotite, and traces of zoisite and 
rutile. The mineral composition is of unequal distribution, and the 
quartz and plagioclase are often dominant, but the macroscopical habi- 
tude of the rock is that of a mica-schist. 

The plagioclase is of very variable composition. In one specimen it 
was an albite, in another it was an albite-oligoclase, and in a third it 
was an andesine. It is accordingly conceivable that the original rocks 
have been partly amphibolites, especially as hornblende is an abundant 
constituant. 

Tourmaline is plentiful in some places and quite absent in others. 
The hornblende is a pale green amphibole of very weak pleochroism., 
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Macroscopically, it is dark greenish. The optic axial angle was deter- 
mined with the universal stage to be 2V, = 88° (or 89) + 2°, the extine- 
tion angle c: y = 14° + 2°. It was therefore suspected that it might 
be a cummingtonite, as it occurs together with abundant chalcopyrite 
and pyrrhotite. But according to the birefringence, which is 0.023— 
0.024, and the refraction indices, a about 1.653 and f about 1.665. 
this hornblende corresponds to that from the injected amphibolites of 
Muruhatten (cf. p. 179, 187), though it has a paler colour. 

Pyrrhotite, chalcopyrite, and pyrite are commonly accompanying 
the pneumatolytic and hydrothermal alterations. They often appear 
as solitary grains in the actinolite-tale rocks of the peridotite borders. 
Concentrations of chalcopyrite and pyrrhotite occur in several places in 
the peridotites, generally at their borders, especially at Overvatts- 
berget. The surrounding ultrabasic is rich in actinolite, and the sul- 
phides are accompanied by strong chloritization of the rock, and by some 
antigorite. Carbonates are also abundant in places. — As to order of 
deposition, the sulphides are closely succeeding or contemporary with 
the chlorite and antigorite, and older than the talc and carbonate. De- 
positions of sulphides have also followed after the intrusions of peg- 
matites in the mica-schists, and particularly in some amphibolites. 


Section 6. 


Section 6 shows an aplite with an accompanying tourmaline rock 
intruded between a schistose amphibolite and a peridotite, the visible 
part of which is transformed into a talc-bearing actinolite schist. 

The aplite is a fine-grained rock mostly composed of quartz with 
much plagioclase (about Ab;An;) and some biotite, garnet, and a 
little rutile. 

The tourmaline rock has predominant tourmaline with some small 
grains of quartz, feldspar and mica. 

The composition of the amphibolite is: hornblende>plagioclase 
(andesine) > quartz > > biotite>zoisite>rutile. The hornblende is green- 
ish with weak pleochroism: y bluish green = f green >a pale green- 
ish. A universal stage measurement gave: 2Va = 88.5° + 2°, ec: y = 
a8 LT? 3%, 

A chlorite-schist with some actinolite separates the amphibolite 
from the actinolite schist. 


Section 7. 


This section shows veritable intrusions of tourmaline rock, not far 
from the northern side of the main peridotite mass. The tourmaline 
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Granite aplite. 


Tourmaline rock. 


Actinolite rock. 


Chlorite rock with 
actinolite. 


Amphibolite. 


Fig. 22. Section 6, Muruhatten, 1930. 


Actinolite rock (with talc) 


Chlorite-biotite-schist 


Tourmaline-Chlorite-schist 
Pure quartz 


Quartz-mica-schist (or gneiss) 
<—_—_ jm ——> 


Fig. 23. Section 7, Muruhatten, 1930. 
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stripes are very much altered to chlorite, and the surrounding quartz- 
micaschist is rather chloritized too. The lens of pure quartz, is evi- 
dently genetically associated with the tourmaline rock. The actinolite- 
schist is probably part of a smaller lens of peridotite, which is here trans- 
formed into a tale-actinolite rock. 

A discussion of the origin of the transformed rocks will be given below. 


Saterberget. 


Three detail sections have been sketched from the slope of Saterberget 
above the tarn St. Muruhattstjirn. The first two on the S slope and the 


a 
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Fig. 24. Photo of pegmatite injections in greisen-like schist below peridotite 
contact, Saiterberget. About natural size. 
third on the SW side between two blocks of peridotite. The first two 
sections show the following development: 

The olivines of the peridotite above are penetrated by much beam- 
like or spherulitic crystals of tremolite and also by tale, chlorite and 
antigorite. 

The peridotite is bordered partly by a zone of tremolite or actinolite 
rock, and partly by a slickensided asbestos-bearing rock. The surround- 
ing chlorite (clinochlorite) rock is fine-grained with larger transverse 
blades towards the following zone, where tourmaline is predominant. 
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Peridotite 


Altered peridotite with much 
chlorite and tremolite (slic- 
kensided). 


Tremolite rock. 


Chlorite rock. 


Tourmaline rock. 


Pegmatite-injected schist. 


Mica schist (rich in sulphides). 


Peridotite. 


Tale-tremolite rock. 


Talc-schist. 


Chlorite-schist with tourmaline. 


Tourmaline rock. 


Mica-schist with quartz veins. 


Fig. 27. Inclined section at peridotite contact, Saterberget. 
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This zone passes over into a greisen-like schist with visible injections of 
pegmatite, as shown in the photo, fig. 24. 

The schist consists mostly of muscovite and biotite, with some clino- 
zoisite, plagioclase, tourmaline, pyrrhotite and a little rutile. In the 
injected schist plagioclase (with a little quartz) predominate. The plagio- 
clase is about Ab,,Anj, (according to the refraction indices and their 
relation to those of quartz). In the lower part of the schist there are no 
visible injections, but it still has a greisen-like appearance. The large 
grains of pyrrhotite, which sometimes have a core of pyrite, are remark- 
able. Solitary grains of pyrite and chalcopyrite can also be seen. 

The rocks below are ordinary injected mica-schists, of an average 
- composition: quartz>plagioclase (albite-oligiclase) > biotite >muscov- 
ite>microcline. It is thus evident that the pegmatite injections are 
less numerous nearer the peridotite, but that instead the side-rock is more 
hydrothermally altered. The biotite is paler and the schists are richer 
' in sulphides (and probably in muscovite). Owing to the reaction with 
the peridotite, quartz and microcline are failing in the schists next 
to the ultrabasic. 

The third section shows the common zonal arrangement, as we have 
seen it at Muruhatten. The peridotite becomes richer in tremolite 
and tale close to the contact, and is transitional into soapstone. This 
gets richer in chlorite and passes into chlorite-schist. In the centre of 
the profile appears a quartz-mica-schist with veins of quartz. In the 
chlorite rock there are large tourmaline crystals, and on the right hand 
side a zone of tourmaline rock appears. 


b. Junsterniset. 


Fig. 28 shows an inclined (about 40° to the east) profile map of the 
soapstone quarry on Junsterniset (a cape on the NE side of B Sar bery: 
vattnet). A large part of the rocks is already quarried. 

All the original ultrabasic is transformed into soapstone and associated 
rocks. The pegmatite injections and quartz veins were so abundant 
here ‘that all the quartz has not been used up for silicification of the 
peridotite, but is present in great excess. Pure quartz veins are thus 
common. 

The predominant rocks of the surrounding region are finely schistose 
quartz-mica-schists of about the following composition: quartz> biotite 
> muscovite > chlorite >plagioclase>garnet>zoisite (or epidote)>mag- 
netite>rutile. 

The schists above the soapstone quarry (W of it) are pegmatite in- 
jected mica-schists with much plagioclase and, locally, tourmaline and 
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large garnets. They are much more coarse-grained than the mica-shists 
generally are. oi 
Toward the soapstone the injections become predominant. Le 
The photo, fig. 29, shows typical veins or concretions of chiefly 
plagioclase and tourmaline. The black spots are thus almost wholly 
aggregates of tourmaline, usually with some plagioclase between. 


29. Photo of the tourmaline-pegmatite injected rock above the soapstone, 
Junsterniset. 


Plagioclase and tourmaline generally occur together, the quartz 
mostly as separate veins. The tourmaline concretions may be up to 1 
m in width. The feldspar appears more as veins or lenses about 1 dm 
in width or less. As in the schist above, large garnets occur. They are 
of the same type as those described at Muruhatten. 


Table 22. Garnet from Junsterniiset. Partial analysis by R. Brrx. 


BRO Geran se aei09 2210 (The AleOs may also include some Cr2Os or TiQe) 
HesOsz. . « . 9 O68 33 
BOO as tbo 104 3 764 
Ca eee: Aomvupe 0:00 10i1 
MPO ia 1 60.08 1260 (The MgO is to high as it represents the MnO 


content too.) 
Sp. gr. 4.027 (R. Brtx). 


Bd 57. H.2.]  PERIDOTITES, SERPENTINES, AND SOAPSTONES. 199 


This analysis corresponds to: 


JSG 6 ops ah 1.7 % (by weight) Refraction index on prism: 

Plmandite.. mcleek no 64.2 (by K. LupanpER). 

Grossularite: ... 2. 14.0 D579 te n= 1.7908 

Pyrope (+ spessartite) . 20.1 546 n=1.7917'+ 0.0003 
100.0 % 436 N=1,8057 


The plagioclase of the rocks average Ab;gAno4 in composition, but this. 
is rather variable. There is generally pericline twinning, often with some 
zonal growth but undulous extinction. The feldspar is much sericitized. 

The tourmaline is strongly pleochroic with O olive-green and E very 
pale greenish yellow. Some crystals, and the core of others may have 
O = bluish green to greenish blue. The absorption colour is uneven 
and the borders are often paler. The birefringence is about 0.025. 

The estimated composition of two rock samples will show the type of 
the rocks: 


1) plagioclase > garnet>chlorite-+biotite>quartz>tourmaline >rutile 
= muscovite> > zoisite, 

2) tourmaline> plagioclase >chlorite+ biotite > muscovite >zoisite > 
rutileS:pyrrhotite. 


Quartz occurs as separate veins or lenses in the second rock type. 
The chlorite or clinochlorite is secondary to biotite. It has an interme- 
diate birefringence of 0.004—0.006 and a weak pleochroism with a bluish 
green >y yellowish green. The interference colour is a slightly abnormal 
(greenish) gray, sometimes partly abnormal greenish gray and partly 
abnormal bluish gray. 

In one rock specimen a green hornblende occurs. It is of the same type 
as that described in sections 2 and 4 from Muruhatten. 

Just south of the Junsterniset profile map, in the continuation of the 
injection gneiss, an aplitic rock occurs instead. This is quite uniform, 
but slightly schistose. A Rosiwal measurement gave the following volu- 
metric composition: sericitized plagioclase 55.2, chlorite 20.8, tour- 
maline 14.6, muscovite 5.1, biotite 2.0, quartz 1.9, rutile 0.3 and zoisite 
tepidote 0.1 %. It may be considered as the average type of injection 
at. the soapstone quarry. 

Downwards, the injected mica-schist is bounded by a zone of green- 
ish actinolite rock consisting exclusively of actinolite. Veins or bands 
of pure quartz rock may appear with the amphibole rock. 

The soapstone below, a finely folded, schistose rock, can be seen in the 
photo, fig. 30. A great part of the soapstone is a rock with predominant 
talc, some concretions of ankerite and a few solitary ore grains. The 
soapstone contains very often chlorite which may exclude the ankerite. 
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Close to the actinolite schists, or to the chlorite-actinolite-schists in the 
lower parts of the section, the talc-schist also contains actinolite, gener- 
ally together with a little chlorite. 

The lower part of the soapstone is more uneven in composition and 
has several lenses of chlorite rock with abundant crystals of a green 
actinolite. The outer margin of these are generally a talc-actinolite rock. 

The transformation of the rock is very complete, and, owing toa 
supply of quartz which is large in comparison to the size of the ultra- 


Fig. 30. Photo of finely folded soapstone, Junsterniset. The axis of the folds 
pitches 10° toward N 59° E. 


basic, all of the serpentine is transformed into tale. As actinolite is 
abundant in the chlorite rocks, it is reasonable to consider them altera- 
tions of earlier amphibolites. Owing to the reactions between the rocks 


(and the solutions) during the metamorphosis, the contracts are rather 
diffuse. 


ec. Lermon. 


The peridotite massive of Lermon protrudes above the surrounding 
rocks NW of Junsterniset. The ultrabasic rock is very much altered 
hydrothermally, with extensive development of tale and ankerite. 
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The southeastern and eastern contacts against the surrounding rocks 
are exposed. The rocks are mica-schists and amphibolites, and they 
predominate in this region, though generally with very few outcrops. 
The following vertical profile was measured at the contact in the lower 
part of the massive in the southeast: 


Fig. 31. Photo of actinolite rock with fine-grained chlorite. Nat. size. 


450 cm. and upwards Enstatite bearing peridotite which is much 
altered with abundant actinolite, antigorite, 
tale and a little ankerite. 


310—450 cm. Soapstone consisting of chiefly tale with 
actinolite and a little chlorite. 
260—310 cm Actinolite rock with chlorite. The actinolites 


are often 1 cm. in width without any orienta- 
tion. Fig. 32, shows a photo of the rock. 


195—260 cm Chlorite-schist with fibrous actinolite and 
anthophyllite. 

78—195 cm Chlorite-schist with some porphyritic chlorites 
and large magnetite octahedra. 

30— 78 cm Soapstone composed of predominant tale and 


some chlorite. 
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14— 30 cm 
O— 14 cm 


Fig. 82. Photo of a tale dike in the peri- 
dotite at Lermon. 
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Fibrous amphibolite, partly chloritized. 
Mica-schist with garnet. 


Higher up on the peridotite 
slope, narrow folds of the sur- 
rounding schists are seen in 
the ultrabasic. The schists here 
are completely chloritized, and 
the peridotite has changed into 
soapstone at the sides. 

Several crevices in the ultra- 
basic are filled with pure 
tale. One from which the talc 
has been quarried might have 
been up to 4 m in width. 
Another is shown in the photo, 
fig. 32. It is about 70 cm 
wide at the surface, but con- 
tracts lower down. Its visible 
length is about 12 m. On the 
southern wall of the massive 
large concretions of ankerite 
were observed. The largest is 
up to 2m indiameter. Small 
veins of tale can also be seen 
here. An analysis of an anke- 
rite crystal has been made: 


Table 23. Ankerite from Lermon. Analyst R. Brrx. 


LALO Nes eee ee a ened 1.94 
MNO) eaten, Soe ats 0.30 
MEO) 6 ee. oe eae 20.85 
CaO Moot er 80.05 
(O10) dry feicaer iors 46.98 
HaOm nh ne ee 0.07 
Tnsolubles v2.0 seas none 

100.14 


Sp. gr. 2.883 (R. Burx) 


e = 1.505 + 0.008 
w= 1.686 + 0.0038 


270 
42 
5171 
5 357 


10 666 « 


Weight % Mol. % 


MeOQOse 0 3 as 39.3 % 47.7 % 
MeCOs enw x veoee 3 3.6 2.5 
MnGOs a srs ee cere 0.6 0.4 
OCa0Os kt o cae. 56.5 49.5 
100.0 100.0 


The late hydrothermal alteration of the peridotite was very strong at 
Lermon. The ultrabasic rock is almost completely transformed into 
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soapstone, and the late secondary minerals, tale and ankerite, appear 
separately, and almost pure, as independent fillings in the mother 
rock. 


2. Handol. 


The soapstone quarry of Handol is located at the boundary between 
“seve’’schists and “‘k6li’” rocks in garbenschiefer facies. As seen on the 
maps by A. G. Hégbom (26) and A. E, TérnzBoum (42) the peridotites 
appear in an almost half-circular zone on the southern side of Lake Ann, 
Western Jamtland. Only the western part, next to the Handél river, 
has developed as soapstone. 

The rocks on the footwall side of the soapstone-peridotite towards 
the south are garbenquartzite-micaschist, amphibolites, mica-schist and 
gneisses. Next to the soapstone (and peridotites) on the northern side 
come amphibolites, sericite-schists, marbles, green schists, and feldspar- 
bearing quartzites, with amphibolites preponderating. 

The transition from the soapstone in the west to the more primary 
rock towards the east is not completely exposed. The nearest outcrop 
of the peridotite, a short distance NE of the old soapstone quarry, is a ° 
partly serpentinized rock. The olivine grains are generally not quite one 
mm in diameter, but may originally have been larger. They are inter- 
sected by beam-like tremolites, often two mm in length and 0.2 mm in 
width. The serpentine, an antigorite, is abundant. The olivines generally 
appear as relics in the serpentine. Breunnerite appears as glistening 
spots 1 or 2 mm in diameter, and is younger than the other minerals. 
An analyzed rock specimen had following composition: 


Table 24. Peridotite from Hand6l, Jimtland. Analyst R. Brix. 


LOS eee re ee aks 3 88.53 6 390 Actual composition (weight %): 
PAtaQ) Saree Cols hcl <. c 0.29 28 
Mes Osieeec! cog ecls. 3.74 234 Qlivingeeweek sea csi .cir las ve aus 36.4 
CeO sie ns ne) <8 0.51 34 Sorpemtinesat wo. 86 5 oie 43.8 
PeOwarwre ces. stor 5.06 704 rem oliteMmememnmnt sais foo ke 13 
Mn Opesog or asd os 0.11 15 Magnetite feo) a. 4 se So 4.9 
NEL O a eae Sera 39.84 9 881 Breunneriteness. 1 ate. « -he 3.6 
CaO ee ie Ge or as ns 1.45 258 100.0 
Na2O, K20 ... 0.05 8 
CORE aa ra shone 1.80 409 An excess of water resulted by 
ESOS oe en fe hale 7.86 4 363 the calculation. 
SEELOS Jo Peete care qoanee 0.26 

99.50 


Sp. gr. 2.86 (R. Buix) 
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The following refraction indices were obtained by the immersion 
method: - 


Olivine a=—1.655+4 0.002 (2V,= = 881/,° + 2°) corresponding to 
y =1.691+ 0.002 10 mol. % fayalite according to WIN- 
CHELL, 


Tremolite a = 1.607 + 0.002 corresponding to the analyzed tremolite 
y = 1.633 40.002 from St. Alke (p. 215). 


Antigorite 6 about 1.569, birefringence about 0.005, 


Near the contacts, both to the hanging wall amphibolite and to the 
footwall quartz-mica-schists, the alteration of the peridotite is more 
extensive, with development of talc and some carbonate. The contact 
rocks are chloritized. 

In the continuation of the peridotite towards the southeast, the rock 
types are less changed. One rock, which is hardly serpentinized, shows 
large porphyritic olivines interspersed with aggregates of very small 
olivine grains. These are minute grains, produced by the crushing to- 
gether of the margins of the larger. Such fine grains are also observed 
along cracks in the larger olivines. The big olivines show a columnar, 
undulous extinction, often like fanshaped streaks. The directions of 
these columns are different in different parts of the thin slices, being 
always perpendicular to y, and as this optic direction is not uniform in 
different olivine grains, one columnar extinction direction may be at an 
angle with the others. The two photos, figs. 33, 34, show the appearance 
of the small grains between the large ones, and the undulous extinction 
of the latter. 

The peridotite shows various degrees of serpentinization. There are 
often chrysotile veins along the cracks of the olivines. Amorph-like ser- 
pentinization is seen, as well as some antigorite, which has further 
transformed the olivine. Wherever serpentinization is strong, anti- 
gorite generally preponderates and forms fanlike beams (rays) or 
blades. The antigorite is often formed out of chrysotile, but is generally 
developed from olivine. Both tremolite and tale are also observed as 
secondary minerals. 

The soapstones of Gamla brottatt Hand6l recline on a quartzitic 
garbenschiefer or mica-schist, generally with an intervening chloritized 
amphibolite. The garbenquartzite-micaschist is tectonically striated as 
shown on the photo, fig. 35. It is slightly chloritized and shows recrys- 
tallized porphyritic muscovites. The intervening amphibolite next to 
the footwall appears as slickensided chlorite-schist with transitions 
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Fig. 33. Aggregates of small olivine grains as crushed borders 
Handél. + nic., 45 x 


Fig. 34. Large, undulous olivine grains, crushed along the borders or fractures. 
Handél. + nic., about 25 x. 
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upwards into fine-fibrous amphibole-chloriteschist. The soapstone 
above is faintly banded with talc, carbonate, and chlorite. 

At the hanging wall of the soapstone, parts of the amphibolites above 
are tectonically involved with the soapstone. The borders of these 
greenish amphibolites are quite chloritized, with more or less fibrous 
amphiboles. In the next portion of the amphibolite there are flakes of 
chlorite (or vermiculite) and some carbonate. Most of the ordinary am- 
phibolites above are zoisite amphibolites. 


Fig. 35. Gamla brottet, Handé] 1931, with exposure of the footwall of the 
soapstone. 


In the western part of the old quarry (Gamla brottet), chloritized car- 
bonate-bearing mica-schists appear above the soapstone and banded 
marbles, green schists and amphibolites come above these. One rock 
is in the nature of a relict of an extrusive rock with porphyritic grains 
of abundant plagioclase, diopside-augite, and greenish uralitic horn- 
blende. Both the matrix and parts of the porphyritic grains are granula- 
ted. 

The soapstones of Gamla brottet are rather granular, and often band- 
ed. The chief constituents are talc, carbonate, chlorite and, locally, 
also tremolite or actinolite. Talc is the predominant mineral, except at 
the contacts of the amphibolites, where the chlorite may preponderate. 
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Sometimes the carbonates, occurring as thin lenticular lumps or 
nodules, are almost as abundant as the tale. These rocks are often 
rather lamellar, and crack readily. Most of the soapstone, however, 
is poor in carbonates, but contains rather more chlorite. (Very little 
of the varieties rich in carbonate is being quarried.) The carbonates 
often consist of both ankerite and breunnerite in the same rock, the 
first one predominates. 

Some rock specimens are of the following approximate composition: 


Tale >>chlorite == carbonate>actinolite>ore grains >zoisite, 
tale>>chlorite>carbonate>>ore grains> > zoisite, 
tale>carbonate>chlorite>ore grains, 

tale > >actinolite> >chlorite> magnetite >rutile, 

tale >chlorite>carbonate, 

tale = chlorite>actinolite> carbonate, 
tale>carbonate>chlorite>>ore grains, 
chlorite>carbonate>actinolite = talc> magnetite > zoisite, 
chlorite>tale. 


The Handol Company has kindly communicated the following recent 
analysis of a typical soapstone: 


Table 25. Soapstone from Handél. Analysts Statens Provningsanstalt. 


RSIKOS): oa kwom so race 54.0 8 955 Composition calculated by the author 
PANS Ostet tees x ior ger 5,03 2.8 274 (weight %): 
(CroOs tema eu 0.4 26 
HesOse@rcn same § 3.8 238 Waleteriee t hareee Ueda ta 72.1 
Beware. steel be SAAC 4.6 640 Chiloritetimpscec oi oot oee 15.8 
EMG Oe len aes te, ds te 27.5 6 820 Tremolite (or actinolite) ... 5.0 
CEO Se ae ky ee 1.2 214 Magnetitesrgen st fu. % our 4 5.6 
Lost by ignition . . 5.7 Carbonate (ankerite) ..... 1.5 
100.0 100.0 
SS Dep etna ees vee eoe 2.86 The magnetite percentage is probably 
Point of fusion 1600° C. a little too high. 


Compared with a peridotitic rock, the analysis shows an addition of 
silica and alumina, while at the same time the magnesia is reduced. The 
condition is the same compared with a serpentinized peridotite, with the 
exception that the formation of talc from the serpentine indicates 
dehydration. As compared with the soapstone analysis of Laisholm and 
Muruhatten, the alumina content is exceptionally high, and so is the 
iron content. An older analysis, giving the following composition: 
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SiOs i Gree sae eee 55.0 9121 
AlsOs:e map sc-hig) pee 3.1 303 
BesQs feist 6) top ts, eine epee nnn 5.6 851 
(all iron content) 

MeO 3 4.0 ele. eae ce: ae 27.8 6 895 
CaO. > Sen ie SE ee ee 2.2 392 


shows a slightly higher percentage of alumina and less iron, thus giving 
a still higher content of chlorite and less magnetite. Amphibole may be 
more abundant. 

The soapstone of Alvdalsbrottet nearer to the Handél river is not 
much quarried, as its quality is not so good. The carbonate content is 
higher there, often with both ankerite and breunnerite. The chlorite may 
also be abundant locally, and the tale relatively less conspicuous. 
Relics of incompletely altered peridotites are observed. The fact that 
the marbles in the hanging wall are more conspicuous here than in the 
EK may be the cause of the high percentage of carbonates in the soap- 
stone at this place. 

The development of soapstone out of peridotite is very complete at 
Handél, and all the primary rock in the western part of it is transformed. 
The abundant occurrence of amphibolites and carbonate rock close to the 
peridotite has probably been favourable to the alteration of the ultra- 
basic by reaction with these rocks. Tectonic movements may also have 
played a part in the transformation. 

Quartz veins are observed in several places in the quarries, as well 
as quartz-carbonate veins. Not far from the soapstone pegmatite dikes 
are also observed, and southward toward Taljstensvalen the pegmatit- 
ization increases in the mica-schists. It is thus probable that the solu- 
tions producing hydrothermal alteration of the peridotite are of the 
same origin here as in the areas described from Frostviken, although, 
the distance from the igneous rocks producing them is a little greater. 


3. Laisholm. 


The peridotite and soapstone at Laisholm in the parish of Tarna in 
Vasterbotten appear at the rivulet NNW of L in Laisholm on the topo- 
graphical map Tarna, at a tarn 11/, km SSE of the former locality just 
west of L, half way between here and Lake Laisan, and at the SE capes 
of Storholmen in Laisan. They are all located in about the same line 
of strike. The surrounding rocks are mica-schists, phyllitic mica- 
schists, calcareous mica-schists or phyllites, amphibolitic mica-schists 
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and amphibolites. The phyllitic rock seems to be a diaphtoritic mica- 
schist with wholly or partly chloritized biotites. Transitions appear 
between the schistose amphibolites and the mica-schists. Both of them 
are often carbonate bearing. A stretch of a typical medium-grained, 
intrusive amphibolite is found west of the peridotites. Only one occur- 
rence of a typical pegmatite is observed, about 50 m from a peridotite 
rock. It is composed of muscovite, feldspar, quartz, and a little orthit. 

The upper occurrences of soapstone at the brook are tale rocks rich 
in carbonate. A typical rock specimen is analyzed: 


Table 26. Soapstone, Laisholm. Analyst R. Brix. 


LO Salary erp. ce, Ae 29.87 4 9538 Actual composition (weight %) 
PRiMomie ws cH) eK te 0.00 
ENISO) Saget onc) eres as 0.76 74 TC eeeoee co mewes Meme &, sors 48.5 
ea gme cn mallow 1.14 ype ® HSPN 2 4 hn S Oe 45.6 
CreQ seinen a Behe ve 0.10 7 Chioriteyye swim casas ac 4.1 
Rie OMe Jibs, sult as) +s 5.06 704 (Malone titegeat ewes on 4s 1.8 
WGNOE Go 5a eect 0.03 4 100.0 % 
INLD OR ere, Sees ee 35.90 8 904 
(GOEKO ric eet 3 ate 0.26 46 
Nas Ora Oss ot one 0.00 
COs ies aun, ayer alt 5 266 
H20* 3.63 2015 
IO aa of See eee 0.02 

99.94 
Sith GR a n- 6 occ 2.85 (BuIx) 


The analysis shows that the Mg—Fe silicates to a great part are 
carbonatized at the introduction of CO,. The addition of alumina is 
rather slight, The original magnetite of the dunite is partly dissolved. 

The small grains of carbonate between the talc scales are breunne- 
rite, but solitary large rhombohedrons of ankerite also appear. One 
crystal was analyzed: 


Table 27. Ankerite from Laisholm. Analyst R. Brix. 


ReQuUreag sta tis a es 1.63 227 
WENO Gots 8g cee SO eee 0.19 27 
IVE ©) Bie tone) sen oats es 21.05 5 221 
CoOMe eee eat... es 29.92 5 334 
COs ert make wapsis 47.40 10 770 
(SEMOF EY o ote at oe eee 0.03 
Insoluble wi ae 2 as none 

100.22 
SU Cree oe mule vk 8 2.878 (R. Bux). 


a= 1.505 + 0.008 
wo = 1.689 + 0.008. 
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The composition corresponds to: 


Mol. % Weight % 
ReOOs, ous eo cae eee eee 2.1 3.1 
MnCOsi «02 ae eae eee 0.3 0.4 
MeCOst is tas Gtubhs eee 48.3 39.8 
CaCOa: a eacut ee pee 49.3 56.7 


100.0 % 100.0 % 
It is thus quite similar to the analyzed carbonate from Lermon (p. 202). 


Remnants of serpentine may be found in the soapstones. 

The schists close to the steatitic rocks are quite chloritized. Amphi- 
bolitic rocks appear in contact with the soapstones at the upper part of 
the brook. Actinolitic schists have therefore developed here between 
the tale rocks and the amphibolites in a few places, and the soap- 
stone may be partly actinolite bearing. 

A few outcrops of peridotite are also seen. They are serpentine 
rocks with some breunnerite. 

The ultrabasic rock at the tarn is not as completely transformed as 
the one described above. The outcrop NW of the tarn is a rather fresh 
peridotite, only slighty hydrated, as shown by the analysis: 


Table 28. Peridotite from Laisholm. Analyst R. Brix. 


SiQsaet eas 38.12 6 322 Actual composition (weight %): 
Ala Oat eh. ceyesieys 0.20 20 
BeaQsssonenaty wae id. 89 306 Olivine Be suveed soc ante see 62.9 
Cros oak ais 0.45 30 Serpentine san. cect omens 28.9 
HOO Ss tase ce has 4.97 692 Mapnetite. . . <4 «sen +e 6.7 
NE Opie ee ee 0.28 32 Ohlorite se 2 eee ee 0.9 
MeOmy 3.5 ee. 44.94 11 146 Carbonate. ead ee 0.6 
CENOD SBSGAt tara AO 0.30 53 100.0 % 
NazO, KsO ... 0.08 5 
COs Me sstanaat aoe 0.24 55 
EsOtwe soos eae 5.89 2 992 
saree tons ckaue,> Wie: 0.20 

99.96 
SPC te ees te 3.12 


An excess of 1.5 % of water was obtained in the calculation of the 
actual composition. The olivine was calculated as the remainder. If 
the serpentine is reckoned to have 25 °% less iron than at Muruhatten, 
an olivine with 4 mol. °% of Fe,SiO, would remain. If the serpentine 
were free of iron, the olivine would have 5 mol. % of fayalite according 
to the calculation of the analysis. The angle of the optic axis 2V was 
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measured to be + 86° (+ 2°). Another rock specimen gave 2V = + 87° 
(+ 2°). By the immersion method the refraction indices were deter- 
mined to be: a= 1,646 + 0.002, B = 1.6644 0.002, y = 1.682 + 
0.002. These values correspond to 5 mol. % of Fe,Si0, according 
to Wrincuett. The olivine is very similar to that. of the analyzed rock 
from Junsterklumpen (p. 141), but the rock is a little more serpen- 
tinized. As the Laisholm rock shows a rather high percentage of 
magnetite, the serpentine is probably poor in iron. 

A Rosiwal analysis of the rock gave the following composition by 
weight: olivine 64.5 %, antigorite 27.7, chrysotile 1.4, magnetite 5.7, 
and chlorite 0.7 %. The correspondence with the calculated composition 
is very close. 

Thin veins of chrysotile run through the olivine grains, generally 
at right angles to the cleavages. These veins have usually a central 
isotropic stripe with thin perpendicular staves of chrysotile on either 
side. The large antigorites may follow these earlier veins of chryso- 
tile, but have generally an independent appearance, and often follow 
the cleavages of the olivines. The antigorite has longitudinal parallel 
cleavages and others, not so distinct, perpendicular to these. Chlorite, 
appearing as thin veins, can be discerned in the antigorite. 

The peridotite may also be more serpentinized. Another specimen 
had about 38 % of olivine, 56 % of antigorite and chrysotile, and 6 % 
of magnetite. 

The peridotite at the southern side of the tarn is still more serpentin- 
ized, and often contains some carbonate. Its north-western part 1s 
completely transformed into soapstone. This is very rich in tale, with 
chiefly chlorite and a little magnetite as other minerals. One specimer 
was analyzed: 


Table 29. Soapstone from Laisholm. Analyst R. Brix. 


SHIGE. Se ciseeceaee 54.77 9 083 Actual composition: 
PAIS Opty pens or eke: 1.93 189 
Hes) sera tye! is 3.74 234 Niel en See oes eee 771.8 % 
CraQsie es s&s 0.40 26 Cho rit elmpmeee taste os bl as 18°38 
ReOMwa sn ss 3.03 491 Magnetite (Chromite) 3.9 
Mic Omran) i) Ty ar = 29.36 7 282 100.0 
Ca) gen Sieve lees rs 0.10 18 
INI Orcs peed oman tr. 
(QOS eee i ce eo Le 
iE9 Cie oe Nee gis 5,92 3 286 
Omer ee ss 0.08 

99.83 


Sti}. oWleg os 2.83 (R. Buix) 
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Talc and chlorite are clustered together, the tale generally predom- 
inating. The chlorite’s birefringence is weaker than is usual in soap- 
stone chlorites. The interference colour is abnormal yellow black 
(greenish). Pleochroism is relatively strong with a greenish blue and 
y greenish yellow (not as faint as usual). It is rather a penninite than a 
clinochlorite. 

The rock is an ordinary soapstone. As compared with an original 
dunite silica, alumina, and water is added; some magnesia and possibly 
iron oxides dissolved. 


Fig. 36. Micro-photo of chlorite rock near soapstone, Laisholm. Magnification 36 x. 
+ nicols. 


The surrounding schist is completely chloritized at the contact. The 
photo, fig. 36, shows the appearance of the coarse-grained rock close to 
the soapstone border. 

The schists close to the soapstone are not carbonate-bearing, as they 
are a little farther away, and that is probably why this soapstone is not 
a tale-carbonate but a tale-chlorite rock, just as actinolite is not formed 
as amphibolites are not present. 

The source of the added material can here not be directly indicated 
as by Muruhatten, but it is probable that it has originated in the same 


— 
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way (from magmatic solutions) as the occurrences are located at the outer 
margin of the pegmatitized rocks of Norra Storfjillet. 


Some occurrences of soapstone at the northern border of Sédra Stor- 
fallet (one about 500 m W of J in Japmoknésen on the topographical 
map Tarna, and another WNW of Tjarro, at the tree limit) are similar 
to those at Laisholm. 

Besides talc, the soapstone generally contains more chlorite than car- 
bonate. The surrounding schists, which are rather phyllitic, are quite 
chloritized at the contacts. Amphibolites showing actinolitic rocks at 
the contacts with the soapstone appear on the N side of the westerly 
occurrence. 

The peridotites near to the steatites are quite serpentinized with, 
locally, carbonate, talc, and chlorite. 


4, Srattekjaure. 


The transformation of the ultrabasic rocks of Srattekjaure and Stora 
Alke in Ammarfjallen, in Vasterbotten, is rather similar to the alteration 
of peridotite into soapstone. 

These small occurrences are very much alike, and the one at the tarn 
Srattekjaure will be desribed in greater detail. The surrounding rock 
is a zoisite-amphibolite, described by E. Grip (20). 

The peridotite was primarily a dunite with a little enstatite. The 
refraction indices indicate an olivine of 13—14 mol. % of fayalite ac- 
cording to the diagram of WINcHELL. The axial angle denotes a fayalite 
content of 11—13 mol. %. The refraction indices of the enstatite (im- 
mersion method) are: a = 1.667 + 0.002, 6 =1.672+4 0.002, y = 
= 1.678 + 0.002, This corresponds to 11 mol. % of FeSi0, according 
to WincHELL. An enstatite from the similar peridotite at St. Alke has 
been described by E. Grip (21). The analysis shows: 


Table 29. Enstatite from St. Alke. Analyst G. K. Atmstr6m. 


Mol. % 
SHO 5 Soc. Coley eee 56.16 9 313 49.06 
TO “gain (hae gthe tee Onna 1.97 123 0.65 
TAO: lol aot ae elses ceo 7.88 OSG 5.77 
SHBG) > jo rG See ek ea cee 0.44. 62 0.33 
IMG Om mame tet vomtcs 33.82 8 388 44.19 
100.27 100.00 


3.301 (E. Grip). 


After deduction of Fe,0, the analysis gives a FeSi0, content of 12 


molec, 
15—343890. G.F.F. 1935. 
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Grip determined the refraction indices as: 


a = 1.665 + 0.003, 6 =1.670+ 0,003, y = 1.676 + 0.008 by the 
immersion method. 

The axial angle was 2V, = 87° + 1°, and the birefringence y—a = 
= 0.0106, y—fp = 0.0059. 


According to the diagram of WINCHELL this refraction corresponds to 
10 mol. % of FeSiO,;, the sp. gravity 11 %, and the optic axial 
angle 12 %. 


Fig. 87. Large tremolites concentrated along a certain line in the peridotite at 
Srittekjaure. The darker spots are holes left by disintegrated carbonates. 


The peridotite of Srattekjaure is very much altered. As secondary 
minerals we meet tremolite, breunnerite, chlorite, tale and serpentine, 
usually averaging in that order, except the chlorite, which is more abund- 
ant than the breunnerite. The occurrence of the secondary minerals 
is very uneven, and so is the degree of alteration. Certain parts of the 
rock may still have */; of unaltered olivine, while other parts are quite 
transformed. The tremolite has a more constant appearance than the 
other minerals, though it is still rather uneven both in quantity and size, 
but it is not quite absent in any rock specimen. In some parts of the rock 


- 
; 
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the tremolite may predominate. A concentration of it in one zone is 
shown in the photo, fig. 37. 

There is often a parallel arrangement of the tremolites, but a spherulitic 
growth of the crystals is also common. The prisms may be up to 1 dm 
long, but crystals of microscopical size occur too. Small crystals were 
picked out for analysis from a rock rich in tremolite, at St. Alke. 


Table 30. Tremolite from St. Alke (1). 


I (Burx) Mol. % II (AtmstR6m) Mol. % 

SH Or Sea eS Nee 56.34 9 344 47.60 57.45 9 527 49.95 
Oa", ne ae ae 0.07 9 0.05 co 
AlsOs-: i Geo yee 1.40 137 0.70 0.138 i 0.07 
HesOs\ 2 eet — — — 0.70 44 0.238 
EEO; SAR aeee 2.88 331 1.68 1.25 174 0.91 
Miri Oy rece at 2 OSE? 24 0.12 0.36 51 0.27 
MicQ\.5, eee sie, 23.81 5 905 30.08 24.94 6 185 32.48 
CaO je aiberre gens 13.21 2 855 12.00 14.35 2 558 13.41 
NasQ’ Apteese. 5 0.10 16 0.08 0.56 90 0.47 
Kis) .S pipette ee: 0.00 — — 0.14 15 0.08 
We 5, eae 0.00 _ _ 0.00 _ —= 
HeO* signers oa, Pre) 1510 7.69 0.75 416 2.18 
HsO= Sere 0.30 — — 0.09 _ _ 

100.50 100.00 100.72 100.00 
SD: 20 eieae ee ee PML ORE wee chef sant ek? pe x) oes vg 2.989 (ALMsTROM) 
I Lh 
a = 1.607 + 0.002 1) a = 1.6038 2) 1.6033 3) (average) 1.6036 Na-light 
8 = 1.620 > 6 = 1.6185 1.6191 1.6188 >» 
y= 1.632 > y= 1.6322 1.6815 1.6319 > 
2Vana = 78.5° + 2° ele ee 82° 20’ 85° + BD 
e:y = 17.5 + 2 calculated angles) 


II is a tremolite from Nordmarken analyzed by G. K. 
Aumstr6m (for the author) quoted for comparison. 
G. Fruinx (14) has given the following data for this 


tremolite: 
extinction angle. . . . 17°18’ 
6 (Nelisnie, . .- 1.618 
OVGNa. Gaerne 84° 9’ 


(The partial analysis of this mineral quoted by 
Flink does not quite agree with ALMsTROM’s analysis.) 


According to the refraction indices the tremolite at Srattekjaure is 
about the same as the one from St. Alke. 

The much altered peridotites are rich in carbonate, and these are gener- 
ally decomposed on the surface, which is indicated by numerous holes, 
as seen on the photo, fig. 38. The carbonates are partly breunnerite 
and partly ankerite, the latter characterized by its solubility in hydro- 
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chloric acid. The ankerite generally occurs in the most altered rocks, 
and the breunnerite in the less altered ones. 

The chlorite occurs as thin flakes, or bundles of flakes, about 1 cm. 
in diameter, and as very small flakes of microscopical size. It is a com- 
mon component of the rocks, and may predominate. It is secondary 
to olivine (at the chloritization of the olivine some iron oxide is generally 
precipitated) and tremolite, but without any special orientation. It is 
a typical penninite with a low birefringence of 0.003, or 0.003—0.004. 


Fig. 38. Weathered surface of schistose peridotite, rich in carbonate, Srattekjaure. 


The cores of the flakes may have a still lower birefringence. The inter- 
ference colour is abnormal, blackish yellow. The optic axial angle is 
very small and cannot be determined. Its character is positive. The 
weak pleochroism is distinct, with a greenish blue = B green = y green- 
ish yellow. A chlorite crystal shows the following composition: 


Table 31. Penninite from Srittekjaure. Analyst R. Brix. 


Mol. % 
SiO sis: <3.d0, Mowe ea 34.06 5 648 24.58 
AlaOs cir 5 cn a eee oe 10.96 1072 4.66 
FazOs tu fv sso ee ae 4.96 311 1.85 


CreOs 42. ve eee ee OLS 10 0.04 
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Mol. %. 
TBO); Ge a ghee ee By se 713 3.10 
IEC O)S he — aa GRO a 80.81 7 641 33.25 
(CAO ~ FA cans led el aN Ira 0.91 162 0.71 
ls OGEeae nen Chants s.r es 13.38 7 426 32.31 
100,36 100.00 


JIU? ug sow one ie 0.25 


According to G. L. Dscuane (8) this analysis corresponds to 52.0 % 
of Sp, 37.3 % of At and 10.7 % of HsMg,Si,O,, or 62.7 Sp and 38.3 at 
(penninite). 

Thin veins of chrysotile run through the olivine grains. Such olivines 
with chrysotile may be surrounded by chlorite, and sometimes quite 
consumed by chlorite, though the chrysotile veins are still visible. 

The antigorite is contemporary and partly later than the chlorite. 
It often occurs as a rim around the penninite, but is partly independent. 
Its birefringence is about 0.05 and that of the chrysotile about 0.009. 

Fine-grained clusters of tale occur, chiefly secondary to tremolite. 
The carbonates, on the other hand, are not secondary to any partic- 
ular mineral, but are of a more markedly »intrusivey character. 

A rock specimen in which a good deal of olivine was left has been ana- 
lyzed: 


Table 32. Peridotite from Srattekjaure.. Analyst N. Sanzzom. 


Si Osieie ney cars eter 37.91 6 287 Actual composition (weight %): 
Thi Oaitcae Sapo. Be 0.10 12 
TWIP ettes wa ear oe 5.96 583 Ginloritemmeera we oe) Md Sy 48.7 
WeaQOs, tes she ots 5.58 349 Olivine ener shee a. toLT a. 29.6 
CrsOsgemes pees: 0.22 14 Serpentinesaara vss 5 6 <y, <0: 8.5 
He Ot gre 2. Semmes G- 5.12 713 il all Commence marTT TS ok, sa! Dya 
Min Oar cn tak ata = 0.12 17 MaoTIG LTC unm eine Gt ic 5 3.5 
ES OB oe ved ey 36.18 9 073 remo liven, heer ty ox 5: 3.0 
CaO gy. aims 0.66 118 Hnstawtemee sca cgi We? 
INGSC) Mean Seen. 0.08 3) Traces of breunnerite and 
Oia eis) «nck see 0.06 6 Pyrcboueted eel sli hs tse 
COsmiNS Acars s)4 ea 0.00 100.0 
Sar eae te 0.00 
ECORYS ee ome 7.97 4 424 

99.91 
PIO yo os. oon aca 0.83 


This rock shows unusually low percentages of tremolite and carbonate, 
and rather high chlorite and serpentine contents. 

The peridotite outcrops nearer to St. Alke are more schistose than at 
Srattekjaure, and richer in tremolite. They have abundant chlorite 


and tale, but generally less carbonate. 
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It should be noted that the serpentinization is very slight, and that 
the mineral associations are those of soapstones. It is not usual for the 
ultrabasic body itself to be completely altered to a steatitic rock rich in 
chlorite, when it originally was dunitic or saxonitic. The contact of the 
peridotite against the surrounding rocks is not exposed, and any greater 
alteration of the rocks near by is not observed. The amphibolites around, 
however, are chiefly zoisite amphibolites containing an amphibole 
similar to that of the hydrothermally altered injected amphibolites of 
Muruhatten. It is thus probable that the transformation of the soap- 
stone is chiefly due to hydrothermal solutions, though these may have 
been enriched in some components by reaction with the amphibolitic 
rocks. As pegmatitic intrusions are observed in the mica-schists around, 
the solutions have presumably originated in the same way as at Muru- 
hatten. 


B. Asbestos veins. 


Asbestos veins were observed in many peridotites in the mica-schist 
and gneiss regions, e. g. at Muruhatten and Siterberget, though they 
are usually rather sparce. They are composed of either amphibole- or 
chrysotile-asbestos of the cross-fibre type. 

A typical occurrence of peridotite with abundant asbestos veins is 
that at Gorletstjakk in St. Vaktarklumpen, Frostviken. The peridotite 
is a dunite, slightly altered. Two rock slices show the following mineral 
proportions: 


1) olivine>>chlorite >talc >tremolite >ore grains>>bronzite, 
2) olivine>>tale>tremolite>chlorite>magnetite. 


The rock type is rather similar to that at Sikok Ruopsok, though with 
less of the secondary minerals, and not so much bronzite. 

The surrounding rocks are amphibolites and mica-schists. At the 
eastern or northeastern end of the peridotite, a large grained pegmatite 
is intruded in the ultrabasic rock. The pegmatite consists of feldspar, 
muscovite, and quartz. The feldspar crystals may be 2/, m in diameter 
and the muscovite plates as wide. 

_ The peridotite close to the pegmatite is quite transformed to talc, 
and further on the ultrabasic is serpentinized. Certain parts of the 
rock are rich in tremolite and tale. Very many dikes of asbestos seem 
to come from the pegmatite. They are mainly composed of tremolite 
(or actinolite), often with chlorite. The tremolite may be very much 
altered to talc, and in the thinner veins tale predominates. Such a 
dike is shown on the photo, fig. 39. Some of the asbestos dikes are very 


hat} ar 
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wide, up to 1 m, but they are generally very uneven. Some are rather 
diffuse, and they have generally a high content of chlorite, apart from 
amphibole. One such a dike is shown in fig. 40.. The narrower dikes 
on the other hand, are often quite devoid of chlorite. Carbonates abe 
sometimes seen in the larger dikes. Some parts of the peridotite at the 


Fig. 39. Amphibole asbestos dike in peridotite from St. Vaktarklumpen with much 
of the tremolite altered to tale. 


sides may be much altered, and thus like the rocks at Sakok Ruopsok. 


At the SE contact of the ultrabasic and the amphibolite, a rock rich 
in tremolite or actinolite has developed. 

The other peridotite outcrops in this area have no asbestos dikes. 
They are generally medium-grained or sugary-grained, rather fresh 
olivine rocks with only some local talc, chlorite or tremolite. Large 
pegmatite intrusions are very scarce in this district. Towards Blasjén 
in NW, the serpentinization is increasing as the phyllitic region is ap- 
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proached. At the SE corner of Blasjén a rather serpentinized peridotite 
appears, containing a good deal of serpentine asbestos of the slip-fibre 
type. It is mainly slickensided, with polished surfaces and layers of 
platy serpentine. A few inconspicuos cross-fibre serpentine veins are 
also seen. The rocks around are still amphibolites and mica-schists, 
veins of quartz and feldspar occurring here and there. 

In the peridotites of the phyllitic regions, no veins of cross-fibre 
asbestos were observed but serpentine slip-fibre asbestos were seen. 


Fig. 40. Wide and diffuse dikes of tremolite and chlorite in peridotite. 
Goérletstjakk, Stora Vaktarklumpen. 


C. The serpentines of Graipesvare, with a brief description of the 


district. 


In order to investigate the serpentines and their geological rela- 
tions to the less metamorphic phyllitic or »kély-rocks, the author map- 
ped in 1925 a region from Aunevare in the north to Rédberg in 
the south in south-western Viasterbotten. This had been surveyed 
before by P. QuENSEL, H. Backiunp, and others. The central part of 
the area which was revised in 1933 is reproduced on the map, fig. 41, 
to the scale 1 : 100 000 (the original scale was 1: 50000). The author 
followed a zone of lens-shaped serpentines bodies in kéli-rocks from cen- 
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tral Vasterbotten southward to Klimpen at the western end of Kult- 
sjon. In the Graipesvare region it seemed possible to determine their 
age in relation to the Vojtja quartzite-conglomerate, which here comes 
very close to the peridotites. The first survey showed a certain oblique 
occurrence of some serpentines in relation to the rows of quartzite-con- 
glomerate and their neighbouring rocks. This made a closer investiga- 
tion desirable. 

The map, fig. 41, shows the following rock types: calcareous phyllites 
(including quartz-phyllites), limestone, quartzite-conglomerate, gray- 
wacke-quartzite, phyllites, serpentine, and amphibolite or greenstone. 
The phyllites may be divided into quartz-phyllites, gray phyllites and 
dark phyllites, but this division cannot be carried through in the central 
part of the area, around Graipesvare which is much disturbed tectoni- 
cally, with the gray and dark phyllites dominating. 

Along the shores of Gikasj6n, and on St. Gemon, the following rock 
sequence can be distinguished, beginning with the youngest: 


Calcareous phyllites, partly quartz-phyllitic, 

Limestone, or phyllites with lenses of limestone and pebbles of 
quartzite, 

Vojtja conglomerate, 

Graywacke-quartzite, 

Quartzitic phyllites or quartz-phyllites, . 

Gray phyllites, 

Dark gray or black phyllites. 


In the last subdivision, peridotites and amphibolitic rocks (including 
greenstone or greenschists) are found south of St. Gemon. 

Between the graywacke and the conglomerate there is a thin zone of 
phyllite and one also just above the limestone horizon. 

The gray phyllites, and the quartz-phyllites below the graywacke 
horizon, are often calcareous and this rock type is sometimes very simi- 
lar to some of the calcareous phyllites of the uppermost horizon. 

The area around Graipesvare is distinguished by a strong isoclinal 
folding of the rocks, which has torn the conglomerate and quartzite 
horizons in the centre. These may be seen as small lenticular relics in 
the surrounding phyllites, and are probably pulled off pieces of isoclinal 
layers. The western-most range of the Vojtja conglomerate is the best 
developed, and it is directly connected with the rock strata above and 
below. The different rock horizons here seem to display the normal se- 
quence of strata. They are best seen in the § (SE) part of St. Gemon 
and at the N part of Gikasjon. The next range of Vojtja conglomerate 
to the east is rater well exposed, though ee but the neighbouring 
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zones of limestone and quartzite are mostly absent. To the east of this 
line the rock sequence can no longer be distinguished, and the dominant 
rocks are phyllites of the types accompanying the serpentines on the 
southern slope of St. Gemon, which by their position may be the oldest 
rocks of the sequence. The eastern-most range of the Vojtja conglomer- 
ate at Murfjallet, is again better developed as a long syncline with 
large exposures of quartzite which here are of a feldspar-bearing sand- 
stone type, rather more quartzitic than the matrix of the quartzite- 
conglomerate. In one place an outcrop of limestone was observed within 
the zone of the Vojtja conglomerate. The W part of the quartzite is 
well developed compared with the E part, which is hardly exposed at 
all except at one point. The continuation of this quartzite horizon could 
not be found § of the SE slope of Graipesvare, and it is probable that 
only the underlaying strata are exposed. The same relations apply to the 
most westerly but one range of the Vojtja zone, which probably is 
continued in the outcrop W of the S end of Gikasjén, but cannot be 
found further south. In the opinion of the author this zone is an isoclinal 
syncline of the Vojtja conglomerate. 

The transition on the southern slope of St. Gemon from calcareous 
phyllites over limestone, quartzite-conglomerate, quartzite or gray- 
wacke, quartzphyllite, to phyllite and dark phyllites seem to be more 
normal and the strong folding of the rocks together with tectonic move- 
ments is probably less developed here. 

The phyllitic rocks of the region have generally developed into biotite 
prophyroblastic rocks, and mark a transition to more metamorphic rocks. 

The limestone has generally developed into marble. Sometimes the 
horizon is distinguished by lenses of marble, and balls or lenses of quart- 
zite, in phyllitic rock. The outcrops of these rocks are not many and 
the width of the limestone horizons is generally only a few metres (their 
width on the map is thus exaggerated). 

The Vojtja conglomerate shows quartzitic pebbles quite predominating 
over a slight schistose matrix, which consist of quartzite with some mica 


Fig. 41. Geologic Map of the Graipesvare Region by T. Du Rimrz. Scale 1: 100000 
(A part of the topographical map Dikanas.) 


= Calcareous phyllites (partly developed as quartz phyllites). 

= Limestone or marble horizon black (marking observed parts). 
Vojtja conglomerate (circles marking observed parts). 

Gray wacke-quartzite and quartzite. 

Phyllites in general. 
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and feldspar. The quartzite balls are generally of elongated or lenticular 
shape. For a more detailed description of a good type, cf. Kulling 1933, 
p. 276 (28). 

The graywacke-quartzite is a gray or bluish-gray quartzite with 1—2 
mm quartz grains of a gray or bluish colour and fragments of a dark 
phyllite often a few cm in length in a more fine-grained matrix. This 
rock passes into a grayish quartz-phyllite which may still have porphyrit- 
ic quartz grains. 

The easternmost quartzite range generally contains no phyllitic 
fragments and the rock is lighter in colour, more like sandstone though 
partly recrystallized. 

The dips and strikes observed at the outcrops of the rocks usually 
rather mark the direction of the schistosity than of the stratification. 
This can be seen at several places where the strike direction of the con- 
glomerate horizon forms an acute angle with the strike directions as 
observed on the outcrops. This specially refers to the extensive western- 
most zone of the Vojtja conglomerate. In the isoclinal folds of the 
central part, the observed strike directions conform better to the real 
direction of the strata. In this intensively folded area the general NNE 
to NE direction of the schistosity has been deflected in the direction of 
the folding. 

As mentioned above the peridotites do not occur in the synclinal region 
in the W part of the mapped area, nor in its continuation to the N and 
SW. The exceptions, e. g. at the Daunatjakko area, N of the map, may 
be attributed to overthrusts. The peridotites only come into contact 
with the Vojtja conglomerate in the strongly folded parts, e. g. at 
Graipesvare and Klinten—Valovardo (N of the map). 

The serpentines of Graipesvare show many slickensided surfaces 
with coverings of slip-fibre serpentine asbestos. Such slip-surfaces may 
be seen in many places, indicating strong movements. One conglomerate 
outcrop also shows tectonic action, with some crushed surfaces. The 
lens-shaped outcrops of the conglomerates indicate breaks due to tectonic 
movements. The author conceives the serpentine lenses as tectonical 
intrusions in anticlinal ridges. The peridotites are hard, resistant rocks 
which, because they are chiefly composed of serpentine, will slide easily. 
They are probably of the same age as the dark phyllites that generally 
accompany them. They might partly have been flat laccoliths or 
sheets, now broken tectonically and up-ended by th 2 folding movements 
in this zone. The oblique position of some of them e. g. of the main mass 
of Graipesvare, may be due to their greater resistance to the pressure 
coming from about NW having partly deflected the strata, but without 
being able to turn the rigid serpentine bodies quite conformably to the 
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strata. In sliding, the oblique serpentine bodies have cut across the 
folded layers of the younger strata. 


Petrographically, the peridotites of the Graipesvare region are almost 
completely serpentinized. In order to study the earlier phases of the al- 
terations, the peridotites at the great mass of Aunevare just N of this 
region may be described, These rocks show only partial serpentiniza- 
tion in the main massive and complete alteration at the borders. The 


Fig. 42. Mesh structure serpentine (chrysotile) through olivine grains. 
Aunevare. + nic., about 50 x. 


small massive of Routek east of the N part of the mapped area exhibits 
a transition type and it is located somewhat nearer to the metamorphic 
schists. The rock massive of Rédberg just SW of the map also shows 
some relics of olivine. 

The slightly serpentinized olivine rocks of Aunevare generally show 
the regular mesh structure serpentine of chrysotile veins as a network 
through the olivines (which are up to 2 cm in diameter). The micro- 
photo, fig. 42, shows a typical example. In some rock sections the 
chrysotile veins may be filled with precipitated iron oxides. A few of 
the rock types have probably not been attacked by the alterations 
producing chrysotile serpentine, but only show antigorite serpentine, 
though this is not common. 
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. In the marginal parts of Aunevare, and in the smaller peridotite bodies 
around, which exhibit a further serpentinization, an increasing quantity 
of antigorite serpentine invades the olivine directly as intersecting 
flakes. These also cut the chrysotile veins, and may even be observed 
replacing the chrysotile in the directions of the veins. Olivine grains 
are thus found as remnants in a mass of antigorite flakes. The photo, 
fig. 43, shows an olivine grain with veins of chrysotile surrounded by 
aggregates of antigorite, where chrysotile veins are still to be seen com- 


Fig. 43. Olivine grain to the left with veins of chrysotile encircled by a mass of 
antigorite flakes. Preserved chrysotile veins in the antigorite cluster. Aunevare. 
+ nic., magnified about 60 x. 


pletely enclosed in the antigorite. The birefringence of the chrysotile 
is higher than that of antigorite. The former is about 0.008 to 0.009, 
and the latter about 0,007. The production of secondary magnetite is 
not great, probably because the olivine is of the common type rich in 
forsterite (Graipesvare about 9 mol. % of Fe,SiO,, Aunevare and Rou- 
tek less). 

Certain rock specimens show a high content of late tale and carbonate, 
particularly the smaller serpentine bodies south of Aunevare. 

The peridotite of Rédberg is generally very much serpentinized, with 
antigorite predominating over olivine, and the latter often completely 
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altered. Some rock sections also show a chlorite content, a clinochlorite, 
in the antigorite masses. An analysis made by H. Sanressoy, quot- 
ed by F. Eicusrepr (10, p. 367) in his description of the serpentines 
gave the following composition: 


DIONE oe Abie 4 38.05 6 310 
JMO a Oe ee ee 8.387 819 
(ONO ES th) 6 men os eee 0.41 27 
IAC pane 5.51 767 
Mic OP am 5 4: 31.92 a Gly 
OLOE y Sae yan eee lly 493 
TERS (re eee BE, ed ta 13.60 7548 
100.03 


It should only contain antigorite and magnesite, as calcite (ankerite?) 
and magnetite had been removed before the analysis. This indicates 
a composition between that of serpentine and chlorite (apart from the 
carbonate) and the rock specimen was probably chlorite-bearing. If 
the carbonate and magnetite had been dissolved in an acid, part of the 
antigorite might also have been removed. The proportion of chlorite 
would then have increased; the chlorite content seems to be unusually 
high according to the analysis. 

The serpentines at Rédberg contain rather much secondary carbonate 
and some tale. 

The ultrabasic rocks of the Graipesvare region are completely serpen- 
tinized, relics of olivine were observed in only two rock slices. 
In some rock sections a network of chrysotile veins is still preserved. 
Amorphous serpentine can sometimes be seen between the mesh-struc- 
ture serpentines, reminiscent of that described from the Muruhatten 
region (cf. p. 248). Such isotrophic serpentine is often noticed with partial 
recrystallization of antigorite of a very fine felt-like (or pilotaxitic-like) 


appearance with transitions into somewhat more large-grained antigo- 


rite. The photo, fig. 44 is an attempt to reproduce this. 

Spots of more fine-grained, felt-like antigorite in a partly dark matrix 
(+ nic.) appear more commonly with aggregates of less fine-grained 
serpentines around them as seen in the photo, fig. 45. 

These darker spots look very like devitrified glass. 

The dominant type of the antigorite has large-grained flakes of fan- 
like lamellae, often 2 mm in length, with occasional finer-grained 
varieties. The typical appearance of the antigorite is reproduced in fig. 
46. The intergrowth of antigorite lamellae sometimes forms units as much 
as 3 mm in length and 2 mm in width. These are often intersected by 
radial antigorites or other blade-like intergrowths. A common type 1s 
shown in fig. 47. 
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Another type of serpentine is a band-like antigorite of transverse, 
undulous extinction, reminiscent of the chrysotile type (fig. 48). It 
has forms showing transition to the regular antigorite, but may be an 
outgrowth of earlier chrysotile veins, as observed in the serpentines from 
the Muruhatten region. 

The secondary magnetite precipitated by the serpentinization is 
sometimes arranged in parallel streaks, which give the rock a banded 
appearance. 


Fig. 44. Almost isotropic serpentine with very fine fibres of antigorite, partly with 
larger flakes of antigorite. Graipesvare, 28 x, + nic. 


Some varieties of serpentine are tremolite-bearing (particularly in 
contact with amphibolites,) but secondary talc and carbonate are more 
usual as transformations of the earlier serpentine, generally with a pre- 
ponderance of tale over carbonate. In certain places this appearance 
is distinctly observable macroscopically, and has been described by FR. 
SVENONIUS (39, p. 358). He writes: ‘In a common pale green, some- 
times almost white, fine matrix, which a preliminary microscopic 
investigation shows to consist of much pale amphibole, serpentine, 
calcite (ankerite) and a little chromite (magnetite) are to be found some 


: 


Fig. 45. Remnants of fine-grained, felt-like antigorite in clusters of ordinary flaky 
antigorite. Graipesvare, + nic., 15 x. 


Fig. 46. Typical flaky, fan-like antigorite. Graipesvare, + nic., 23 x. 
16—343890. G.F.F. 1935. 
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Fig. 47. Intergrowth of blade-like antigorite with almost identical extinction angles. The 
small dark spots are fine, allotriomorph magnetite grains. Graipesvare. + nic., 224/2 x. 


Fig. 48, Band-like antigorite, often with transverse extinction, reminiscent of 
chrysotile. Graipesvare. + nic., about 40 x, 
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very dense, more or less rounded to sharp-edged, small or large pieces 
of a dark green to almost black colour”. He considered these structures 
indicative of tuff (agglomerate) or conglomerate. 

These sharp-edged pieces or balls consist of serpentine, of the usual 
antigorite type, or of rather dense serpentine. It may have partly al- 
tered to tale along cracks or veins. The matrix is generally mostly talc 


Fig. 49. Fragments of serpentine rock in a matrix of tale and some carbonate, 
Graipesvare. + nic., 20 x. 


with some carbonate, and serpentine may be present as relics, but is 
often absent. Tremolite is rather unusual. The size of the serpentine 
fragments varies greatly from large to microscopical. A common 
appearance is reproduced in the microphoto, fig. 49. 

This type of rock is observed at several places, especially in the NW 
part of Graipesvare. It gives to the serpentine a brecciated appearance, 
as if the rocks were weathered. O. KuLLING (28, p. 256) has described well 
developed serpentine conglomerates in a region NW of Graipesvare. He 
writes (in translation), »The conglomerates of the Rotik series: These 
rocks always appear in close connexion with the peridotite massives, 
and consist entirely of peridotite material. Their distribution can be 
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seen on the map and is given in the description of the areas. The rocks 
are studied chiefly around Rotikken, at Atjanbuona and Nieritjakko. 
Regular conglomerates predominate in all these places, though sedi- 
mentary breccia-like horizons with poorly rounded pebbles are not rare. 
Usually the pebbles are between 10 and 2 cm in diameter; odd larger 
ones may also appear. The conglomerate is rather well sorted, without 
distinct bedding. The figures on plates 14, 15, and 16 give an idea of 
the appearance of the conglomerate —. In the fine-grained types, 
cross-bedding is observed with beds and lenses of fine, sandy parts, —. 


Fig. 50. Breccia-like weathering of serpentine. NW slope of Graipesvare. 


The pebbles here are not well rounded. The matrix of the conglomerate 
is partly pure fine-grained rock detritus, partly carbonate-bearing, and 
usually dolomitic. In some compressed types, particularly in the SE 
part of Rotikken, the matrix is converted into white soapstone, while 
the rounded pebbles have maintained their peridotite-like appearance. 
Exceptionally, pebbles are observed of a parallel structure earlier than 
the formation of the conglomerate», The conglomerates are generally 
quite schistose, but the soapstone matrix has often protected the pebbles 
from the pressure. The pebbles are generally serpentines of the same 
composition as in the peridotite massives. The matrix has been partly 
altered to talc. 

Serpentine conglomerates are also mentioned by A. E. T6RNEBOHM 
from Western Jimtland (43, p. 77). The fossil-bearing serpentine con- 
glomerates of Ottadalen in Norway, described by P. A Oven (44) are 
particularly interesting. The preliminary description of the fossils by 
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H. Hepstrém (23) proves that the age of the peridotite conglomerate 
is etage 3c8 and 3cy of the Norwegian Ordovician. The peridotites in- 
trusions are thus earlier than that part of the lower Ordovician. The 
conglomerates found by KuLuine are very much like the Norwegian 
rocks, and are probably of the same age. 

The breccia-like rocks at Graipesvare are probably weathered rocks 
of the same epoch as those described by Kuntrne. They may possibly 
be sedimentary breccias formed above sea level. The weathered parts 
were easily infiltrated, and thus converted to tale and carbonate- 
bearing rocks. 

The age of the peridotite intrusions, which KuLurne, on the basis of 
his investigations in the Bjérkvattnet—Virisen region and from To6r- 
NEBOHM’s (43) and C. W. Carstens’ (5 and 6) descriptions, considers 
to be lower Ordovician or older, agrees with the conception of the pres- 
ent writer. The appearance of peridotites in the dark phyllites at St. 
Gemon may be original, but the age of these rocks cannot be determined 
at present beyond the fact that they are decidedly older than the lime- 
stone horizon which is identical with KuLtrna’s Slatdalskalk (lowermost 
Silurian). A. Hécsom (25, p. 41) also mentions that the peridotites are 
found in dark phyllites below the Vojtja horizon in the region investigat- 
ed by him SW of the Graipesvare district. 

It is a well known fact that peridotitic rocks generally are the earliest 
intrusions in the folded zones of the mountain ranges, and all the facts 
indicate that the same relation holds good in the Swedish mountains. 


With W. N. Benson (3) many authors contend that the serpentin- 
izing waters were originally emitted from the peridotite magmas them- 
selves at their intrusions. In the regions described by the writer no 
facts supporting the derivation of the serpentinizing solutions from 
_ peridotite magmas were observed. As has been said above the general 
serpentinization increases as the phyllites of the low temperature 
facies are approached. Among the peridotites in mica-schists and 
gneisses serpentinized ultrabasics are local occurrences, and are often 
directly connected with granite and pegmatite intrusions. The solutions 
may have circulated more freely in the phyllitic rocks, and were here 
probably on a higher level than in the »seve» rocks. 

The serpentinization in the Ofoten region of Norway according to St. 
Fostie (15) and in the Joensuu region in Finland according to FRostE- 
RUS and WILKMAN (16), is of a rather similar distribution. 

The serpentinization is always earlier than the formation of tale and 
carbonates, both in occurrences of the soapstone type and in the perido- 
tites in the phyllitic rocks. In the former serpentinization is mainly 
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due to solutions derived from acid intrusions, and in the second type 
it may possibly also be due to waters of magmatic origin circulating in 
the rocks. In that case they must have been emitted from acid magmas 
intruded in the earlier phase of the Caledonian epoch (before the rocks 
were weathered). 


Discussion of results. 
I. Primary composition of the peridotites. 


The peridotites of the mountain range of Northern Sweden are gener- 
ally of primary dunitic composition, but there are frequent transitions 
to saxonitic types. The common rock type thus almost corresponds to 
the femic orthosilicate, with only a few per cent. of ore minerals of the 
spinel group. 

As in the forsterite-rich olivine, the magnesia content of the rocks is 
extreme, with a medium iron content (generally below 10 %) and ex- 
ceptionally low figures of the other common oxides. The chromium per- 
centage is much above normal, though seldom more than 1/, per cent. 
The alkalies, lime, alumina, and titanium contents are almost negli- 
gible. The very low Al,O; percentage (<1 °) may appear in picotite; 
if a trifle higher, it may also be found in the olivine or enstatite, seen for 
instance from the precipitation of spinel or picotite in the serpentiniza- 
tion of some rocks. A somewhat higher alumina content is found in the 
diopside-bearing varieties (rare). A still higher percentage is found in 
garnet-bearing peridotite. The garnet was stable during the late crystal- 
lization, and has grown round earlier olivine grains in the same way as 
some enstatites, but forming still larger grains. It has subsequently 
been altered (cf. p. 156). 

When the silica content is above the orthosilicate rate, orthorhombic 
pyroxene is formed. One rock analysis indicates that the content 
of metasilicate may be higher than observed in the microscope, with 
enstatites that cannot be distinguished from the olivine. This is not 
the common case, however, as the enstatites generally have very few 
centres of crystallization and have grown into large, porphyritic units, 
sometimes enclosing earlier olivines. No signs of resorption have been 
observed. The enstatites may be very unequally distributed in the rocks, 
some parts containing plenty of it, and other parts of the same peridotite 
outcrop, being void of the pyroxene. This indicates a segregation of the 
minerals during crystallization. The same is the case with the diopside 
of some peridotites containing monoclinic pyroxene. 
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One rock type with a high percentage of fayalite in the olivine is also 
biotite-bearing locally. Microscopically, the biotite has a secondary 
appearance towards the olivine, and it is therefore not possible to say if 
it is of late magmatic origin or secondary, though it is earlier than actino- 
lite appearing in the same rock. As seen by the mica content, this rock 
is exceptionally rich in alumina and titanium (cf. p. 152). 

With the exception of the rock mentioned above, the analyses of the 
peridotites show that the magnesia content in relation to magnesia and. 
all iron oxides (including MnO) varies between 87 and 93 mol. %. 

The proportion of MgO to FeO is about the same in the different min- 
erals of the same rock (except in the ore minerals). If the olivine is 
richer in iron in one rock than in another, the enstatite will also be richer 
in iron. The iron percentage may be slightly higher in the enstatite, 
however. Similar variations in the Mg:FeO ratio is shown by second- 
ary minerals e. g. tremolites. 

With increasing silica content of an igneous rock, the proportion of 
MgO to FeO usually decreases, but this circumstance has not been ob- 
served: by comparing dunites with saxonites in the examined rocks. 

The olivine is rich in forsterite, averaging 8 mol. % of Fe,SiO,. Its 
composition varies, according to refraction indices and optic axial angles, 
from 5 to 24 % in the specimens examined. 

The ore mineral is reddish chromite, brownish to yellowish picotite, 
or magnetite. In most cases it is a black opaque magnetite with a red- 
dish lustre of the chromite type, transparent in the centre of the grain, 
distinguishing a core richer in chromium than the rim. The ore grains 
are usually decidedly smaller than the olivines, but in one rock type 
both porphyritic and small grains of chromite of the same average size 
as the olivine grains have been observed, uniformly distributed in the 
rock, 

No transitions towards gabbroic or feldspar-bearing rocks have been 
found; the ultrabasic rocks are rather uniform, and practically undiffer- 
entiated. They must have got their extreme composition before the 
intrusion. As they have had no contact action on the surrounding schists, 
they have possibly been intruded in a semi-crystalline state. 


lie The transformations. 


1. The development of the soapstones and the rocks around. 


The development and evolution of the soapstones in the region of 
Western Frostviken being best known, it will be discussed in greater 


detail. 
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The peridotites occur in rocks now developed as quartz-micaschists 
and schistose amphibolites. From the appearance of the latter rocks as 
quite recrystallized, finely schistose intercalations in the mica-schists, 
they can be regarded as originally extrusive. They are generally found 
in abundance in the neighbourhood of the peridotites, and seem to be 
older than these. 

At a period of folding, with a thrust from the N or NNW towards the 
S or SSE, much pegmatitic and aplitic granites were injected. The com- 
position of these injections is rather variable. Microcline predominates 
in some, and acid plagioclase in others. Quartz is often less abundant 
than the feldspars in the pegmatites, but also appears as separate veins. 
Pegmatites with predominant potash feldspar generally form large 
bodies, while the types in which plagioclase dominates appear as small 
lenses and are more intimately injected in the mica-schists. In the in- 
jection gneisses plagioclase feldspar thus generally dominates (besides 
quartz). In composition it varies between Aby,Ang and Ab;gAngs. 
The pegmatite injections are more common in the mica-schists than in 
the amphibolites. ‘ 

Pegmatite injections or injection-gneisses are frequently seen close 
to the soapstone occurrences at the sides of the peridotites. Plagio- 
clase feldspar predominates in them, but as they generally also have a 
prominent mica content, a reaction with the basic rocks may have 
transformed original potash feldspar molecules into biotite. The quartz 
content of these rocks is very low, or none at all, at the contacts with 
the peridotites. 

The pegmatites or aplites at the peridotite border are generally 
surrounded by a zone of tourmaline rock, indicating that pneumatolytic 
solutions have succeeded the pegmatite injections. Tourmaline is 
evidently easiest formed in the presence of basic rocks, which can 
supply an abundance of magnesia. . Besides in connection with peg- 
matites or aplites, tourmaline rocks are found as separate intrusions 
(sometimes with quartz veins) in micaschists close to the peridotite. 

Where the pneumatolytic and hydrothermal solutions have succeded 
the pegmatites, a strong reaction with the peridotite has occurred. 
These transformations are best developed at the contacts of amphi- 
bolites and peridotites. 

The surrounding amphibolites are generally composed of common 
green hornblende, plagioclase, with more or less zoisite (or clinozoisite), 
quartz, titanite (or rutile), and ilmenite (or magnetite). At the injection 
and tourmalinization of the amphibolite, the hornblende is transformed 
into a greenish amphibole of weaker pleochroism and an optic axial 
angle changing into positive, or about 2V = 90°. This hornblende is 
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rich in alumina and may be considered a transitional form between com- 
mon green hornblende and a pargasitic hornblende. A paler variant, still 
of optic positive character, seems to be a transitional form between the 
latter and actinolite. The plagioclase of the amphibolite may be partly 
or wholly transformed into zoisite. 

The pegmatite injected amphibolites also contain biotite, and often 
garnet (chiefly almandine), though garnet sems to have been formed 
where some micaschist was originally present. Rutile is a common 
constituent in the injected amphibolite, and zoisite-orthite or epidote- 
orthite is present accessorily. The amphibolite may be quite recrys- 
tallized, and is often rather coarse-grained with idiomorphic tour- 
malines and zoisites (and garnet if present). Quartz is always absent 
in the injected amphibolite near the peridotite contact, but at a little 
distance from the peridotite it may be abundant in the injected rock. 

Migmatitic rocks occur which may be composed of four components 
viz. amphibolite, a little mica-schist, and pegmatite injections, all 
permeated by pneumatolytic solutions, with abundant precipitation of 
tourmaline. 

Biotite or chlorite is generally concentrated at the margin of the 
amphibolite towards the peridotite, and is partly a result of reaction 
between the injections and the ultrabasic rock. 

The rock analyses show that the addition of alumina by the pneumato- 
lytic solutions has been considerable. Furthermore boron and water 
have been added. All the pneumatolytic injections observed are thus 
characterized by tourmaline, denoting solutions rich in boron. The chem- 
ical analyses of the rocks and the minerals show that lithium and fluor- 
ine were absent. The abundance of rutile as well as the titanium content 
of the tourmaline shows that TiO, also must have been supplied (some 
of it, however, derived from the primary content in amphibolite or mica- 
schist). In a small quantity certum and other rare components have 
been added as seen by the appearance of orthites. The almost constant 
occurrence of some pyrrhotite, pyrite, or chalcopyrite indicates that 
sulphur has also been introduced by the hydrothermal solutions. 

The excess of alumina and deficiency of alkalies in the rocks may be 
a result of hydrolysis of the alkali-aluminum silicates in the pneuma- 
tolytic stage, with removal of the alkalies. 

Between the amphibolite and the peridotite the following zonal ar- 
rangement of reaction rocks is typical: 

Partly serpentinized peridotite, 

Actinolite- and talc-bearing serpentinized peridotite, 
Tale-schist with some actinolite and a little chlorite, 
Talc-chlorite rock, 
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Actinolite-chlorite rock with some tale, 
Chlorite-rock with actinolite and anthophyllite, 
Chlorite rock, 

Partly chloritized amphibolite. 


The amphibolite and the chlorite rock often contain abundant 
large tourmaline prisms. The tourmaline content of the amphibolite 
is considerable close to the injected pegmatites, though generally 
concentrated at the margin of the amphibolite which was often devel- 
oped as a biotite-tourmaline rock. The biotite, however, is generally 
chloritized in the tourmaline-bearing rocks, or is otherwise often devel- 
oped as a vermiculite (a discoloured biotite reminiscent of chlorite). 
The biotite is not stable at as low a temperature as the tourmaline. In 
some cases chlorite might have been developed directly as a reaction of 
amphibolite and peridotite in connection with the injections. 

The plagioclase of the amphibolite is not stable together with the 
tourmaline and the new hornblende. Zoisite is the normal component 
of these highly pneumatolytically transformed amphibolites. In some 
instances where the anorthite percentage of the plagioclase varies and 
more salic components are also found, this can be ascribed to pegmatitic 
injections in a migmatitic amphibolite. Albite is, however, not observed 
as a last stable phase of the plagioclase in these rocks. 

Transformation of greenish hornblende into actinolite has not been 
observed in the same rock. Actinolite is thus found in the entirely 
chloritized rocks close to the peridotite, and seems to indicate migration 
of lime (or limesilicate) at the beginning of the chloritization of the am- 
phibolite. At the transformation of the tourmaline-amphibolite, the 
order of chloritization of the minerals is the following: hornblende 
— tourmaline — zoisite. Of the accessory minerals, garnet is observed 
in almost completely chloritized rocks. Rutile is often first converted 
into ilmenite, and orthite is altered before zoisite. 

The formation of actinolite or tremolite at the peridotite border might 
be ascribed to addition of lime and silica from the pneumatolytic injec- 
tions, as the injected pegmatites are of a trondhjemitic character. The 
anorthite percentage of the plagioclases is, however, not high, and the 
development of actinolites at and in the peridotites is considerable 
compared with the injected pegmatites. The main reason why the am- 
phibolites are considered to have supplied the lime for the development 
of actinolite (or tremolite) is the common presence of actinolite in perido- 
tites when the latter is bordered by amphibolitic rocks. When amphibo- 


lites do not occur at the peridotite border, the formation of pale amphi- 
bole is less conspicuous, 
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Anthophyllite is not as common in the chlorite rock as actinolite. As 
to the occurrence of anthophyllite, it seems as if this is formed when mica- 
schists have also taken part in the reactions developing the chlorite rock. 
The anthophyllite was probably developed in an original biotite-schist. 

The appearance of cummingtonite as a silicification product of olivine 
was looked for, but was never observed. Tremolite or actinolite is 
invariably formed. 

The iron content of this amphibole primarily depends on the fayalite 
proportion of the original olivine of the peridotite. Ina less degree it also 
depends on whether it is formed in the peridotite or in the chlorite 
rock outside the peridotite. In the latter case it is slightly richer in iron. 
No transformation of actinolite into tremolite as a more stable compo- 
nent at lower temperatures was observed. 

The pure chlorite rock (generally with solitary magnetite octahedra) 
marks the border of the country-rock against the peridotite. Hydrother- 
mal solutions have had easier access here, and the transformations were 
thus more complete. If we compare the analysis of the chlorite rock 
from Muruhatten (p. 168) with that of the amphibolitic rocks (pp. 180, 
186, it is conceivable that it is not a direct alteration product of the 
amphibolite, but rather a reaction product of the amphibolite with the 
peridotite under the influence of hydrothermal solutions. All the lime 
liberated has probably gone to the formation of actinolite in the 
peridotite. The mineral of the chlorite rock is clinochlorite, marking 
a higher alumina content than in the chlorite formed in the peridotite, 
which is generally a penninite. 

The alkalies were removed during the gradual transformation of 
amphibolite towards chlorite rock, but lime, together with silica from 
the hydrothermal solution, migrated towards the ultrabasic and formed 
actinolite. This mineral is more abundant at the peridotite border than 
farther in. — Chloritization is intimately associated with the formation 
of actinolite in the ultrabasic, though continuing later. The chlorite is 
often more widely dispersed in the peridotite than the amphibole, but 
there is generally less of it. The slight chloritization of the olivine was 
directly succeded by serpentinization as the alumina content of the solu- 
tions was reduced. Serpentinization of the peridotite is generally more 
conspicuous than chloritization. It is further described below. 

As the temperature fell still more, tale began to form, especially at the 
peridotite border, primarily by transformation of serpentine and olivine. 
At the original margin of the ultrabasic, even the actinolite was altered. 
Transformation being very strong at the marginal part of the peridotite - 
in contact with the chlorite rock, a pure talc-schist is often developed. 
In most cases it contains some chlorite, however, as this is not easily 
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transformed into tale. Remnants of fibrous actinolite occur in the tale- 
rock forming actinolite-talc schists increasing in quantity towards the 
margins of the talc rock. 

Talc decreases rapidly in quantity towards the centre of the peridotite, 
where it is generally absent except for small solitary veins here and there. 

In the Muruhatten region carbonatization (or addition of CO,) is 
evidently not causing the formation of either serpentine or talc from 
the peridotite, but magnesia or lime-magnesia carbonate develops inde- 
pendently, though often in association with the formation of talc (slight- 
ly later, however). 

The addition of silica from the solutions, for the silicification of olivine 
and serpentine, must have been considerable. The quantity must have 
been several times larger than what can have been contained in the 
exposed pegmatites at the contact of the peridotite. It was, however, 
still not sufficient for the transformations that have occurred, as the 
injection gneisses and injected amphibolites are rather desilicated. 
The transformations might thus conceivably have been more extensive, 
if the injections had been greater. 

At the contact of the peridotite with mica-schists the transformations 
are less conspicuous, and soapstones are often scarcely developed at all. 
Even the wall rock mica-schist is less chloritized, generally with remnants 
of biotite with the chlorite. It may be partly developed as a vermiculite- 
schist, with large garnet dodecaedrons. Even when there are pegmatite 
injections in the mica-schist near the peridotite contact, the transforma- 
tion of the margin of the ultrabasic rock is little developed as compared 
with the contact of the peridotite with amphibolitic rocks, where the 
reactions are much more prominent. 

The movements of the chief components of the rocks at the reactions 
may be summarized as follows: 


K migrates from the pegmatites towards the peridotite or amphibo- 
lite, forming biotite. In the hydrothermal stage K is removed 
(chloritization). 

Na remains in the pegmatite, or migrates into the schists, or to a 
smaller extent partakes in the pneumatolysis. 

Al migrates from the pneumatolytic-hydrothermal solutions into the 
amphibolite, with development of minerals richer in Al,O 3, and 
then also to the peridotite (formation of chlorite). 

Ca migrates towards the peridotite (chiefly from the amphibolite, 
partly possibly from the pneumatolytic solutions). 

Mg migrates outwards from the peridotite, with development of bio- 
tite, actinolite, anthophyllite, chlorite, tourmaline, etc. 
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Fe is relatively constant in the rocks. 

Si migrates from the pegmatite and its residual solutions towards 
the peridotite, with silicification of the latter. 

Ti of the migmatitic rocks is partly derived from the pneumatolytic 
solutions and partly from the original amphibolite or mica-schist. 

B migrates in the pneumatolytic solutions toward the amphibolite 
and peridotite, with formation of tourmaline. 


Water, sulphur, and possibly carbon-dioxide, are also supplied by the 
pneumatolytic-hydrothermal solutions. 

If the peridotite body was small, as for instance at Junsterniset, all 
the original olivine may have been transformed into talc (chlorite and 
actinolite), and pure quartz veins may be found beside the soapstone. 
Owing to the abundance of hydrothermal solutions in relation to the 
peridotite the reactions are more complete, and the distribution of the 
secondary minerals is rather diffuse. 

When hydrothermal alterations have produced soapstones from 
peridotites at some distance from the pegmatite injections, the zonal 
arrangement of the resulting rocks is more diffuse, and the secondary 
minerals may be more completely mixed. The secondary carbonates 
seem to form preferably at a little distance from the pegmatites, and 
in several cases they are found at the top of the peridotite body, while 
they are almost absent in the soapstones at the sides of the peridotite. 
When the later hydrothermal alteration has been very strong, talc may 
appear as veins in the peridotite, and carbonates as large concre- 
tionary: fillings. In other cases the earlier hydrothermal alterations 
viz. tremolite and chlorite, may be more conspicuous, but as the talc 
is not then so prominent, the rock can hardly be designated a soapstone. 

Some occurrences, e. g. at Handél and Laisholm, appear on the outer 
margins of mica-schist regions. But as pegmatite intrusions are observed 
in the neighbourhood, the solutions producing the transformation prob- 
ably originated in the same way as in the Frostviken area. Tectonic 
movements may have facilitated the progress of the hydrothermal solu- 
tions. The transformed ultrabasic at Handél is almost completely sur- 
rounded by amphibolitic rocks, which fact has facilitated the reactions 
producing the complete transformation of the ultrabasic rock. A contribu- 
tory circumstance might be the occurrence of marble in the hanging 
wall. This is evidently the cause of the abundant development of 
carbonates in the soapstone. 

Certain peridotites show incipient transformation, with a concretion- 
ary appearance of nodules consisting of tremolite and chlorite, which 
are often more or less replaced by talc and carbonate. Serpentinization 
of the ultrabasic may be lacking. These nodules appear irregularly in 
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the rock, though generally the borders are more transformed. In some 
instances the whole outcrop of ultrabasic may be transformed into a 
rock consisting of tremolite, chlorite, talc, and carbonate, with more or 
less serpentine. The width of these rocks, however, is not great. They 
are almost surrounded by amphibolites, and the rocks around are often 
much injected by pegmatite. In several cases thin lenses of peridotite in 
contact with amphibolites have been transformed into pure actinolite 
rock. The amphibole may be partly altered to talc, and possibly to 
carbonate. 

The mineralogy and origin of many cross-fibre asbestos veins of the 
amphibole type is similar. They may be composed of tremolite (or 
actinolite), or tremolite and chlorite. A secondary alteration to tale, 
or to tale and carbonate, is often seen. The cross-fibre amphibole or 
serpentine asbestos appears in the peridotite of the metamorphic 
schists, but in the phyllitic regions such asbestos veins in peridotite 
are rare, and only slip-fibre serpentine asbestos seem to be common 
there. Neither kind is conspicuous in the rocks examined by the 
author. 

In several places a deposition of sulphides has been observed at the 
hydrothermal alterations of the peridotites accompanying the formation 
of soapstone. This generally consists of chalcopyrite and pyrrhotite, 
often with preponderance of the former, and occasionally accompanied 
by bornite. The pyrite is not as common as the other sulphides in these 
deposits. The sulphides generally follow a strong chloritization of the 
peridotite (with some antigoritization). The tremolitized borders of 
some peridotites may also have solitary sulphide grains. 

From the way in which the pegmatites appear in the folds of the schists 
besides the ultrabasic rocks in the Frostviken area, it is probable that 
they have been intruded at an epoch of strong folding of the region. But 
as seen by the foliation of the tale schists at Muruhatten and Junster- 
niset, which is concordant with the folding, the folding has evidently 
continued after the development of these rocks. The distortion of the 
chlorite schist, and the development of transverse porphyritic chlorites 
in these rocks, as well as slickensides between the peridotite and the 
talc schists, also indicate considerable movements. 


2, Comparison with some other descriptions of soapstone and related 
rocks. 
A great deal has been written about soapstone occurrences, but only 


a few descriptions that may be of some special interest for comparison 
with the descriptions in this paper, will be quoted here. 


Bd57. H.2.]  PERIDOTITES, SERPENTINES, AND SOAPSTONES. 243 


Several accounts of the formation of albitite and albite-corundum 
bodies (plumasites) at the contact of pegmatites with ultrabasic rocks 
have been summarized by 8. S. Gorpon (19) and E. §. Larsen (31). 
In most cases regular pegmatites have been observed cutting into the 
ultrabasic or coming into contact with it. The part of the pegmatite 
or aplite within the ultrabasic rocks is then free of quartz, potassium 
feldspar is absent, and plagioclase is predominating. The plagioclase is 
often accompanied by corundum and possibly by margarite, and occasio- 
nally corundum is prevailing. Tourmaline is common in these pegma- 
tatites too, and spinel, molybdenite, rutile, orthite etc. may appear 
accessorily. Towards the peridotite reaction zones appear usually with 
biotite, vermiculite, or chlorite next to the pegmatite, followed by 
actinolite or anthophyllite, rock, and a talc-schist next to the peridotite 
or serpentine. The width and appearance of these rocks are very 
uneven. They have generally been interpreted as desilificated pegma- 
tites, where the silica has been used up for the formation of talc out of 
the peridotite, and the potassium has gone to develop mica. Larsen 
indicates that the reaction zones are generally wider than one would 
expect, and that the mineral association is rather hydrothermal than 
magmatic. He considers these occurrences a product of the hydrothermal 
residue of the ultrabasic magmas, and disregards the fact that in most 
cases they are connected with real pegmatites, which have evidently 
been followed by the pneumatolytic and hydrothermal solutions. 

The developement of the emerald bearing rocks of Ural as related by 
A. FERSMANN (11) has many analogies with the soapstone occurrences 
described in this paper. Metamorphosed sedimentary rocks with inter- 
calated basic rocks are intruded by dunite-pyroxenite and other, more 
acid rocks of the same magma. Later pegmatitic and pneumatolytic 
material has been injected from a large granite batholith. In the peg- 
matite dikes of Ural potassium generally dominates, but in those at the 
emerald mines soda dominates, and some are plagioclasites. They are 
richer in CaO, Na,O, and Al,0,, and poorer in K,O and 8i0,, and show 
different stages of desilication. The following principal rocks are formed: 
1) pegmatites (albitites, plagioclasites), 2) emerald bearing biotite-schist, 
3) chlorite-actinolite schist, 4) talc schist. The zonal order of the rocks 
is: 4, 3, 2, 1; 2, 3, 4, but some may not be developed. The boundary 
between the pegmatite and biotite zones is generally sharp. The 
biotite is often accompanied by emerald and alexandrite, quartz, apatite, 
tourmaline, chlorite, iron ore grains, and rutile, In the transforma- 
tion of the pegmatites albitites are formed (desilication), part of the 
migrating pegmatite material produced the biotite-schist with a part 
of the surrounding ultrabasic rock, a further migrating part gave the 
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actinolite-chlorite schist with another part of the environing rocks, 
and the farther migrating quartz produced silicification of the ultra- 
basic rocks. Potassium is femiphile and migrates easier to rocks rich in 
Fe, Mg, Ca (producing biotite), while soda, being alumophile, migrates 
easily in the presence of argillaceous sediments. In this case it remains 
in the residual solution. The conditions are thus similar to those in 
the Muruhatten region. No beryllium minerals were observed, but 
tourmaline is much more prominent. 

A recent description of the soapstones of the Appalachian mountains 
by H. H. Hess (24) shows many analogies with the soapstones examined 
by the present writer. Hxss found that the serpentinization is always 
earlier than the steatitization »and unrelated to it in any way. Minerals 
formed during steatitization may always be found replacing serpentine, 
but serpentine never replaces any of these minerals.» 

This last fact is partly contradicted by the author’s experience of 
the transformation of peridotite close by the soapstone. Here the antigo- 
rite is later or almost contemporaneous with the chlorite, and decidedly 
later than the tremolites. The earlier serpentine, the chrysotile, is on 
the other hand in most cases older than the tremolite. Within the real 
soapstone the antigorite is completely altered to talc, which is the stable 
component in the much altered rocks. The tremolite may still be partly 
preserved, especially at the sides of the soapstone. 

Hess distinguishes two different types of soapstone. In the first 
type the whole ultrabasic body is transformed. The composition is not 
much altered, as the reactions have chiefly taken place in a closed sys- 
tem. The solutions have only facilitated the formation of stable minerals. 
If the range of temperature has been sufficient, the following reactions 
have taken place: the olivine, pyroxene or serpentine has been replaced 
by amphiboles — green hornblende if plagioclase had been present, 
otherwise actinolite. When the temperature falls, the amphibole is 
altered towards tremolite, and chlorite is formed. If much alumina is 
present a rock of practically only chlorite may develop. In ultrabasic 
rocks poor in alumina, tale and carbonates are generally formed in- 
stead, possibly with some chlorite. 

In the rocks studied by the author the amphiboles are generally 
more tremolitic in the peridotites and frequently more actinolitic in the 
chlorite-bearing contact rocks. The rocks in which chlorite dominates 
are generally transformations of the surrounding rock (usually an amphi- 
bolite) at the peridotite border, and the chlorite content in the original 
ultrabasic rock is not conspicuous. When the peridotite itself is complete- 
ly altered, it is often a talc-carbonate rock with only a few per cent 
of chlorite (Srattekjaure is an exception, however). It is hard to say 
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whether this chlorite is a product mainly of the solution, or a product 
of reaction with the surrounding rock, but the latter is more probable. 
Inside the slightly altered peridotite the chlorite is most likely directly 
deposited by the solutions. 

Hess’ second type is small lens-shaped or concordant tale rocks, often 
limited to the contacts and fractures of the peridotites. The wall-rock 
is strongly chloritized. This rock, blackwall, is often a pure chlorite 
rock, sometimes with magnetite octahedra, nodules of carbonate, and 
possibly epidote. Fractures in the peridotite have carbonates, and some 
actinolite is generally also present. Radiating crystals of actinolite 
replace the serpentine along the contact of the talc lens, and the serpen- 
tine matrix is often changed into tale which may pseudomorphose the 
actinolite. Upward passing solutions originating from granites have 
caused the alterations. Where acid intrusions are near, the alteration is 
usually more complete. It is not possible to say if all the alterations 
are caused by solutions from acid intrusions, but Hess favours this 
supposition. 

By the description, the second type of soapstone strongly resembles 
most of the Swedish occurrences. 


3. Serpentinization. 


Among the peridotite transformations, serpentinization is the most 
widespread. In general, serpentinization is increasing as the less meta- 
morphosed schists are approached. Among the peridotites in phyllitic 
rocks, serpentinization is generally complete except in large bodies, where 
the inner parts may to a certain extent have escaped the alteration. 
The outer margins are generally quite transformed. 

In more metamorphosed rocks, as in the mica-schists and gneisses, 
the peridotites are rather fresh, and only slightly serpentinized. When 
the degree of alteration is greater, this can often be directly connected 
with transformations produced by acid intrusives, or rather their hydro- 
thermal successors, which are often also connected with the development 
of soapstone. This serpentinization, or hydrothermal alteration, is 
usually quite local, but as it is very unequal and sometimes almost 
complete, it is possible to study the progress of the alteration from quite 
fresh olivine rocks to regular serpentines. The transformation is often 
gradual from the more serpentinized borders to the less altered central 
parts of the peridotites. It may also be complex, with almost the 
same mineral association as in the steatites, but with predominating 
serpentine. 

17—343890. @.F.F. 1935. 
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A detailed description of the development of the serpentinization 
will be given below, mainly from the region round Muruhatten, but 
also typical of many other regions: 

The fresh olivine grains are penetrated by cracks, and these may be 
filled by veins of chrysotile serpentine. In the centre of the vein is a 
separating, isotropic stripe on both sides of which the perpendicular 
staves of chrysotile are arranged. A precipitation of very fine-grained 


Fig. 51. Veins of chrysotile serpentine ip olivine rock. Two rows of chrysotile 

laths at right angles to the walls of the vein, and generally a thin isotropic streak 

in the centre. The chrysotile fibres show different angles of extinction, which 
gives an undulous appearence to the extinction. + nic., magnified 50 x. 


magnetites is often to be seen in the central part, and larger solitary mag- 
netites are sometimes observed. The isotropic appearance of the centre 
is caused by the meeting of the two rows of chrysotile. The veins give 
the impression that the large olivines are split up into several small 
grains. But by the equal extinction of a certain field it is easy to see 
what has been the original grain. 

Fig. 51 shows chrysotile veins of parallel orientation. In other 
cases the veins may follow the cracks in the olivines in different direc- 
tions. The birefringence of the chrysotile is generally 0.009 or 0.010, a 
little higher than that of antigorite. The elongation of the small fibres 
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is negative (contrary to antigorite), The chrysotile veins are colour- 
less, and the interference colour is normal. 

Pale amphiboles cut right through the chrysotile veins with sharp 
borders, and they are generally formed later. Exceptions are found 
with traces of serpentine veins through the tremolites, but these veins 
are very weak and incomplete, and may have originated in a later altera- 
tion, which has followed the earlier chrysotile veins. 


Fig. 52. Olivine grains between chrysotile veins, showing gradual alteration towards 
amorphous serpentine, with different degrees of refractive outline of the grains. + nic. 


A transformation of the olivines, proceeding from the chrysotile 
veins and attacking the olivine grains partly or altogether, is a later 
phase. In some rock sections this can be seen to be gradual, the olivine 
at first losing some of its refraction and birefringence. This may happen 
in the outer part of the grain, sometimes leaving the olivine intact 
in the centre. The earliest stage of the alteration is very reminiscent 
of a description by St. Fostrm (17, p. 222) of serpentine from Ofoten. 
He writes: »It is only a part of the olivine present which is still fresh, 
mainly in the central parts of the original grains. For the rest it has 
suffered a change, apparently of metasomatic nature, characterized 
by a small decline of the refraction and a very considerable decline of 
the birefringence, but retaining the original extinction, optical orienta- 
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tion and cleavage. There is a gradual change from the original olivine 
with y—a 0,03 7, down to about 0.012, and together they form grains 
with a high relief in contrast to and with sharp borders against the an- 
tigorite, which crosses them both, with a much lower index of refrac- 
tion. This change is not accompanied by any separation of magnetite.» 
Fostre comes to the conclusion that this must be a hydration, with an 
increase of the silica content and a decrease of the iron and specific 


Fig. 53. Amorphous serpentine with re-crystallizing serpentine reminding of 
devitrification. W Manshégarna, Jamtland + nic., about 40 x. 


gravity. In the rocks described in this paper the alteration has gone 
further, in many cases to a quite amorphous or colloid-like »serpentine» 
without any birefringence at all. Fig. 52 shows olivine grains, between 
chrysotile veins, that are already partly changed towards amorphous 
serpentine (cf. photos from Rautats p. 150). In the diallage peridotite of 
Overvattsberget this kind of alteration is common. When the serpen- 
tinization of the diopside is almost complete, it is possible to observe an 
extinction angle of about 43° against the still preserved cleavages. In 
this alteration of the pyroxene, small greenish grains of high relief, 
probably of spinel, may also develop. 

In the amorphous serpentines a brownish yellow colour is often 
observed where the alteration is more complete. A fine dust of iron 
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oxides is suspended in the whole of the serpentine mass. This dust is 
sometimes precipitated in the serpentinized aureole around a nucleus of 
preserved olivine and marks the original contour. 

A further stage in the alteration of the amorphous serpentine is a 
partial brightening of the homogeneous isotropic serpentine, fig. 53, 
reminding of devitrification, with transitions into a flamy serpentine. 
Such a type is shown in fig. 54. Similar serpentinization, originating 


Fig. 54. Flamelike serpentine between chrysotile veins, a gradual alteration of 
amorphous serpentine. + nic. 40 x. 


from chrysotile veins, has been described by D. pe OnvETA (34, pp. 248, 
258, 259). 

The last described serpentinization may change the whole rock into 
aggregates of flamelike serpentine which may be rather like antigorite, 
though the grains are not at all as distinct as in antigorite. 

The order of appearance of the described serpentinizations, especially 
the amorphous serpentine, as compared with the tremolitization, is 
not quite clear. But as these serpentines are often followed by a deposi- 
tion of sulphides which also characterizes the development of chlorite and 
antigorite, it is believed that the amorphous serpentine is formed later 


than the tremolite. 
The following phase, the formation of chlorite and antigorite, is much 
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more common. The chlorite is frequently seen encircling large primary 
magnetite grains, and in this case it is probably formed as a reaction 
product of the magnetite (figs. 55, 56). 

The chlorite and antigorite are almost contemporaneous, with the 
chlorite somewhat earlier than the antigorite. They are partly altera- 
tions of the amorphous serpentine, but generally appear quite indepen- 
dently. The development of chlorite indicates an addition of alumina 


Fig. 55. Chlorite surrounding magnetite in olivines with chrysotile veins. + nic. 
Magnified 70 x. 


to the peridotite. As the chlorite usually is surrounded by a margin of an 
antigorite-like mineral this indicates a somewhat later crystallization 
of a slightly altered composition. This antigorite may send out offshoots 
into the surrounding olivines. That two minerals are formed instead of 
one suggests that the chlorite does not fully correspond to the deposition 
of the solutions, and that a continuous mineral series chlorite—ser- 
pentine does not exist in these compositions. This is supported by the 
appearance of contemporaneous crystallization of both chlorite and an 
antigorite-like mineral as seen in the photo, fig. 57. The chlorite is an 
optically positive penninite, and the antigorite an optically negative 
mineral, with a birefringence of about 0.006. Its interference colour is 
a very weak abnormal bluish gray, as against the blackish yellow penni- 
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nite. This antigorite-like mineral shows transitions to a common anti- 
gorite with a birefringence of about 0.008. The axial angle of the anti- 
gorite associated with the chlorite is somewhat smaller than the usual 
one. Chlorites surrounded by antigorite are seen in the photos, figs. 
58, 59. 

The chlorite varies between a penninite with birefringence of about 
0.003 and a clinochlorite with 0.006. The chlorite very often occurs 


Fig. 56. Large primary magnetite grain surrounded by chlorites (clinochlorites) 
The olivine grains around are partly serpentinized. || nic., 87 x. 
W Manshégarna, Jamtland. 


with or around magnetite. It is sometimes secondary to tremolite, and 
then usually contains no antigorite. It is generally an alteration of 
olivine. 

Greater alteration produces a stronger antigoritization. Chrysotile and 
amorphous serpentine is transformed into antigorite. This appears as long 
stalks or tufts, or as spherulites in bunches (cf. figs. 2 and 46). The antigo- 
rite often occurs parallel to the cleavages in the olivine, occasionally at 
oblique angle to them. Sometimes large antigorites can be observed, 5mm 
long and 31/, mm wide, of the size of the olivines. These are parallel 
growths of several antigorite lamellae (cf. fig. 47). Smaller beams (or rays) 
generally intersect them at oblique angles. In far going serpentinization 


/ 
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the antigorite appears as a disordered aggregate of flakes, sometimes with 
mainly right-angled or trigonal arrangement of the flakes. Magnetite may 
have been precipitated in the serpentinization, but in very different 
quantity, from 7 % by volume to almost none. Itis generally very fine- 
grained, but might also grow round the primary larger magnetites. 

The antigorite is optically negative, with positive elongation, a bire- 
fringence between 0.006 and 0.009, and an almost normal interference 


Fig. 57. Intergrowth of chlorite and an antigorite-like mineral, with later invasion 
of pyrrhotite and tale. + nic. 45 x. 


colour, though a little abnormal in the variants where the birefringence. 


is weaker. 

The alterations are of about the following paragenesis: 

At the intrusion of the dunites as crystallized or crystallizing olivines, 
the rock was slighly altered by aqueous solutions, resulting in a partial 
serpentinization along the cracks of the olivines. At the intrusion of 
the granites or pegmatites, the peridotites were exposed to hot solutions 
which have primarily caused a tremolite transformation of the olivine. 
(The chrysotile might possibly have been formed as a first phase of these 
alterations.) This means an addition of silica and lime. The solutions 
coming from the pegmatites have given off water and silica, but it is uncer- 
tain whether most of the lime is derived from them. Rather it has been 


7 


s 
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Fig. 58. Penninite bordered by antigorite following chrysotile veins in olivine rock. 
+ nic., 65 x. 


Fig. 59. Chlorite bordered by antigorite which sends off branches into environing 
e olivines. + nic. Magnification 70 x. 
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taken up from the amphibolites. The amphibolites were primarily trans- 
formed into zoisite-amphibolites, and then into actinolite-chlorite rocks. 
The tremolites of the peridotites have probably been formed at this 
period. In certain places where the hydrothermal alteration was specially 
strong an amorphous alteration of the olivines has proceeded from the 
chrystotile veins. It is a colloid alteration with suspended iron oxides 
colouring the »serpentine.» The first alteration is a simple hydration of 
the olivine, but further on the whole olivine is transformed into an 
amorphous serpentine, a brownish yellow isotropic mass. This may be 
partly recrystallized into a flamelike serpentine with simultaneous 
crystallization of the iron oxides into magnetite. 

Chlorite, or chlorite and antigorite, may be formed out of olivine, 
chrysotile, or amorphous serpentine. At the formation of chlorite, iron 
oxides may be precipitated, but that is very unusual and generally 
it is the other way round, that the chlorite resorbs some of the primary 
magnetite. The chlorite indicates an addition of alumina from the solu- 
tions. This may have been derived from hydrolysis of feldspar, from 
primary aluminium silicates in the solutions, or from reactions with the 
surrounding rocks. That the chlorites are often found around the magne- 
tites indicates some resorption of iron oxides. 

The antigorite is almost contemporaneous with the chlorite, and occurs 
as a border round this, or as independent intersecting beams through 
the olivine, or else as alterations of earlier serpentines, in which case 
there is often a core of chlorite. The bastite alteration of enstatite 
is rather like the larger antigorite, and it is probably the same mineral. 

The schistose serpentines usually contain antigorites, and as the anti- 
gorite is the latest serpentine formed, the author has the impression that 
antigoritization was favoured by the strong pressure when the rocks 
were folded (as compared with chrysotile serpentine which generally 
occurs in non schistose serpentines). 


The deposition of sulphides is closely connected with the chlorite: 


and antigorite, though somewhat later according to the microscopical 
structure, 

Tale develops decidedly later than antigorite. It appears mostly as 
irregular veins or stripes in the rocks, but it is also a typical pseudo- 
morph of tremolite, and of enstatite when this is present. The talc 
development is chiefly localized to the borders of the peridotites. The 
carbonates are somewhat later than the talc, but probably closely connec- 
ted with it. They generally appear as breunnerite in the ultrabasic rocks, 
and as breunnerite or ankerite at the borders. In the Muruhatten district 


the carbonates are mostly localized to the top parts of the peridotite 
massives. 


q 
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The serpentinization in the peridotites signifies hydration with a 
slight addition of silica and some oxygen. An approximate formula 
for the general alteration of olivine might be: 


23MguFeSi,O, + 176 H,O + 38 SiO, + 4 O = 11 HyMgs.FeSigOz. -+ 
+ 4 Fe,0,. 


It is impossible to say if some magnesia has been dissolved instead 
of silica added. The precipitation of iron oxides varies in different 
rocks according to the primary fayalite content of the olivine and 
to the iron content of the resultant serpentine, which seems to vary 
a good deal. 

The succession of secondary minerals is: chrysotile-tremolite—tremo- 
lite and chlorite—chlorite and antigorite——talc—carbonate. In some 
cases the chrysotile is possibly younger than the tremolite. 


All accumulated facts (e. g. that the smaller bodies are more serpen- 
tinized than the larger, the borders more transformed than the 
centres, the general serpentinization increased towards the phyllitic 
regions with the exception of transformations produced near peg- 
matite intrusions) indicate that the serpentinizing waters were not 
produced by a dunitic magma out of which the rocks themselves 
crystallized, but that the solutions effecting the transformation came 
from outside sources. 

The fact that the general serpentinization is greater in the less meta- 
morphosed regions may be due to a wider and easier circulation of the 
serpentinizing waters. The phyllitic regions were at a higher elevation 
than the schist and gneiss regions. The transformations of the peridotites 
were probably produced by rising hydrothermal solutions derived from 
the same source as those succeeding the pegmatite intrusions, which 
have produced strong local alterations in peridotites at lower levels 
of the mountain range. The solutions were not so rich in alumina and 
silica as, and of a lower temperature than, those closer to the injections, 
as chiefly serpentine has been formed. 


Summary. 


Peridotites are rather common in the western and central part of the 
mountain range of Northern Sweden. They generally appear in small 
lens-shaped outcrops, often in long strings, or as swarms. Larger bodies 
also occur, but they are generally less than one kilometre in length. The 
intrusions seem to be of the laccolithic type, and are often rather flat. 
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They are conform to the folding of the surrounding rocks, and the long 
axis of the bodies is usually parallel to the general direction of the fold- 
ing. The peridotites have taken part in the folding, and narrow troughs 
and ridges of the neighbouring schists may be seen in the ultrabasic 
rock, indicating the fold axes and the pitch. In an area of strong isoclinal 
folding the peridotite bodies were up-ended, but otherwise they generally 
appear as rather flat bodies. 

The primary rocks are of a dunitic type with transitions to saxonites. 
Rare occurrences of diopside-bearing peridotite, garnet-peridotite, or 
biotite-bearing peridotite were observed. Extreme pyroxenitic types of 
predominant diopside or enstatite are found as segregations in perido- 
tite or serpentine. The dunite is, however, the chief type, often with a 
few per cent. of enstatite. 

The olivine is forsterite-rich, averaging 8 mol. °% of Fe,SiO,. Varia- 
tions were observed between 5 % and 24 %. The proportions of MgO 
and FeO are similar in the enstatites. A few per cent. of ore grains 
occur in the rocks. They are magnetite, chromite, or picotite, often 
magnetite with a core of chromite. Only small chromite ore bodies 
have been found in Sweden, usually as segregations, but also in the 
form of dikes. The Cr,O; content was a little below 40 % in the 
larger occurrences. 

The peridotites are seldom quite fresh, and generally more or less 
serpentinized. Besides serpentine, some of the common secondary 
minerals in the altered rocks are tremolite (actinolite), chlorite, talc, 
and carbonate (breunneritic magnesite or ankeritic dolomite), especially 
in the transformations associated with soapstone. The transformation 
of peridotite to soapstone is generally met with in more metamorphic 
regions, i. e. in areas with mica-schists, amphibolites, and gneisses (»seve» 
rocks). One district in Frostviken in Northern Jiimtland with many 
soapstone occurrences was investigated in detail. Most of the soapstone 
occurrences there appear at the contacts of peridotites with amphibo-' 
lites. The surrounding mica-schists are much injected by granite peg- 
matites. Some of the best developed transformations occur where peg- 
matites are intruded at the border of the peridotite. The pegmatites 
are surrounded by aureoles of tourmaline rock, chiefly consisting of 
large tourmaline prisms. Migmatitic rocks of amphibolite and pegmatite 
injection together with a tourmalinization of the rock complex were 
observed at the sides of some soapstones. The following zonal arrange- 
ment of the transformed rocks is typical: Partly serpentinized peridotite 
— actinolite and talc-bearing serpentinized peridotite — soapstone — 
chlorite rock (often with actinolite and sometimes with anthophyllite) 
— partly chloritized amphibolite. 
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By the influence of pneumatolytic-hydrothermal solutions, reactions 
have occurred between peridotite and amphibolite. The amphibolite 
has been chloritized at the contact, and actinolite (or tremolite) has been 
formed out of the olivine in the peridotite. Chlorite and serpentine 
have been formed by the hydrothermal waters in the peridotite, and 
the border of the ultrabasic has later been transformed to a rock rich 
in tale. Small peridotite bodies may have been quite transformed to 
soapstone. 

Several occurrences of soapstone show only hydrothermal alterations, 
but as pegmatitization appears in the neighbourhood, the solution pro- 
ducing the alterations have probably originated in the same way, as 
residual solutions succeeding pegmatite injections. 

Serpentinization of the ultrabasic rocks generally increases as less me- 
tamorphosed regions are approached. The peridotites in the phyllitic 
regions are thus usually quite serpentinized. The peridotites in the 
»sevey rocks are often very slightly transformed, but may be much 
serpentinized locally. It is often possible to show that this transforma- 
tion is connected with the development of soapstone. Hydrothermal 
waters originating from acid intrusions have produced the transforma- 
tion. The following sequence of secondary minerals is usual: tremolite-— 
chlorite—antigorite—(sulphides)—tale—carbonate. A study of the 
thin sections show that chrysotile serpentine is often the first secondary 
product of the olivine. The tremolite intersects the chrysotile veins, and 
is thus formed later. An amorphous »serpentine» is sometimes formed 
between the chrysotile veins as an alteration product of olivine. This 
amorphous serpentine is often transformed into antigorite, which is 
decidedly later than the chrysotile. Antigorite is the most common 
component of the serpentinization. Chlorite often occurs as a core in 
the antigorite. Blade-like intergrowths of both was also observed. 
The chlorite of the peridotite is generally a penninite, while the chlorite 
in the reaction rocks at the sides of the peridotite is a clinochlorite. 
Talc is decidedly later than the antigorite. It is not so common in the 
peridotites as the serpentine, except occasionally at the margins. 
The pyroxenes are not as easily transformed as the olivine. Well pre- 
served pyroxene-bearing varieties were thus observed in quite serpentin- 
ized peridotites. The enstatites are only partly transformed to bastite. 
Some remnants of this pyroxene are almost always observed even in 
much serpentinized rocks. 

The age of the peridotite intrusions is lower Ordovician or older. Even 
the serpentinization of the rocks seems to be older than middle Ordovi- 
cian. The ultrabasics are thus probably ee oldest intrusives of the Cale- 
donian igneous rocks. 
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Index of analyses. 
(The rock analyses with Niggli figures.) 


Rocks: 


eared 
| | 
| si | ti | al| fm] ec | alk| k mg |c/fm| h | coz page 
| 
Dunite, Junsterklumpen | 51 —| 0.4] 99.5] 0.0) 0.1) —/0.93}0.00/ 9 | —| 141) 
Saxonitic dunite, Vuoka 
Ruopsoktisn-as os ecu: 56 —| 0.9/98.0) 1 | 0.1) —/0.91/0.10) 1.4) —| 143 | 
Saxonitic dunite, Sakok 
(RUOps0 Kon wene-un eee 47 —) 0.9] 98.2} 0.8} 0.1; —/ 0.90) 0.08} 5 | 16| 147) 
Peridotite, Laisholm. . | 50 —| 0.4} 99.2) 0.4, —| —|0.89) 0.04/24 | —| 210) 
Soapstone, > pea Oa —| 2.5] 97.3] 0.2; —/ —!| 0.88) 0.02)39 | —| 211 | 
> > 5 el a —| 0.8] 98.7} 0.5} --| —| 0.91) 0.05} 20 | 53 209° 
Peridotite, Handél . .| 56 —| 0.5/ 97.1) 2.3) 0.1) — 0.87) 0.02) 88 | —| 203) 
Soapstone, >» . ./106 | —| 35/94 | 25) —| —/0.86/ 0.03} —| —| 207 
Peridotite, Srattekjaure | 56 | 0.1) 5.8) 93.6) 1.0) 0.1) —/0.81/0.01/39 | —) 217) 
Peridotite, Kall. . . .| 64.5} 0.6) 4.61/88 | 6.4] 1 | 0.87|0.79/0.07)19 | — 152, 
Peridotite, Muruhatten. | 80 —| 1/93 | 6 — —/ 0.89) 0.06) 23 | —| 165. 
Soapstone, Muruhatten. |118 —| 1/99 | 0 —| —|0.90) 0.00) 34 | —] 182. 
Actinolite-tale schist, | 
Muruhatten. . ~. . 115 —| 1 |84 |15 —| —/0.89/ 0.18) 22 | —) 181) 
Chlorite-schist, Muru- | 
hattenseen presen eal OO —|17 |83 | 0 —| —|0.87| —|67 ,] —}| 188) 
Injektion-gneiss, Muru- | 
athena es cece. 189 —|39 |29 | 6 |26 | 0.20/ 0.42/0.21] 6 | —|174| 
Tourmaline migmatite- | 
schist, Muruhatten .| 95 | 2.8)40 (35 |15 | 10 | 0.24) 0.66) 0.43) 15.5) — | 180. 
Tourmaline-zoisite am- 
phibolite, Muruhatten | 72.5} 2.8] 33.5] 33.6] 32 | 0.9) 0.07] 0.69) 0.96] 28 | —/186) 
Minerals: 
Giving, Vaoks 'Ruopsdk ++ uc: cat) eh cay eee eee Lac ciate Aah. ae as ee 144 
Enstatite, » Ree TL ie PS ONS ee ea ae ER, ye SD re 143 
Enstatite, St. Alke (after Grip) Sy ane re ee eat teak pee en ee ee 213 
DYOMLOM EO, M9.» £9) Tine Oa cao 2 ee ee, RCO eR ae ee 215 
remolite;; Nordmarken +.) 91 .ty 1), ae Ree cence 7 ari eC oe cai 215 
ACUNO te; Murah atcena (calculated) cs seem een ce ee ner 181 
Hornblende, Nieripeive, Soutsfjillet (after BackLUND) ............ 179 
Ohiorite s(pennin) te), Scectek | UTS arenes ne penn face ane eee 216 
Ohloriten(ciinochlorite); Muruhatten .) ssann mans menue ene en 188 
Chlorite (kimmererite), Sikok Ruopsok (after SvENONIUS) .......... 147 
Serpentine (antigorite), Muruhatten. .............. Rebbe o rere late: 


Taloss Marnhattensciigods yoke ose (Gece) bile’. oe OUR a 172 
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Carbonate (breunneritic magnesite), Sakok UU ODSO emeyerere telat ehh od! e's. « 148 
> > > Mejarklumpeneyamnetires s) sytcyvaneel oils as 148 

> (anicenitiondolOmite)seliermonayean te sles cael eo El corona) 202 

> > > Lai sho lineata tern gene akin FASS mae eee 209 
ihourmalinerm Mincahatconpm erm ts nea Ne ee ae Re ae ee 178 
COMME tev DU LCI ALLO MEMO. of stall Gol Ghat Saal Shy. lees 4 it Gee on BER 84 et 191 
REM EE OPN SON Wom lysis, iit Thnx S gle ike Just Awe lacs aia em 8 de ds 198 
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By 
G. ERDTMAN. 


(M. S. received Febr. 11. 1935.) 


For help with this compilation, which includes also a number of 
older, chiefly botanical papers, I am indebted to Drs Huser (Ebers- 
walde), Neustapr (Moscow), and SanpEGREN (Stockholm). Correc- 
tions, additions, and copies of papers published subsequently are ap- 
preciated and will be duly acknowledged. 


Abbreviations: 
A Alnus P Pinus 
Ab Abies Pe Picea 
Ac Acer Q Quercus 
B_ Betula QM Quercetum mixtum 
C  Carpinus S Sala 
Co Corylus T Tile 
F Fagus U Ulmus 


Fx Fraxinus 
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Co, Co +- Myrica, F, Myrica, P, Pe, Q, 8, Salix repens-type, T, U (also 

»pseudo-Ulmus»); Carex, Ericac. (Andromeda-, Calluna-, and Erica-type), 

Gramin., Nymphaea-Nuphar-type; Hypnum, Lycopod. inundat., Sphag- 

num|. 

Kocu, H., Ein Profil aus dem Bourtanger Moor als Beispiel zur Moor- und 
Waldgeschichte an der Mittelems. — Ber. Deutsch. Bot. Ges., Bd. LIT, 
1934 (pp. 101—109; 1 diagram; A, B, C, Co, F, P, Pc, Q, 8, T, U). 

—, Mooruntersuchungen im Emsland und im Hiimmling. — Int. Rev. Hy- 

drobiol. etc., Bd. 31, 1934 (pp. 109—156; 3 diagrams; A, B, C, F, cf Fx, 

cf Hippophae, cf Ilex, P, Pc, Q, 8, T, U; Caryophyllac., Chenopodiac., 

Compos., Drosera, Myriophyllum alterniflor., M. spreat. vel verticillat., 

cf Nymphaea, Plantago, cf Ranunculac., Typha, Umbellif.; Lycopod., 

Polypod. vulg., Sphagnum, Tilletia; protozoa). 

Untersuchungen zur Geschichte des Waldes an der Mittelems. — Bot. 

Jahrbiicher, Bd. LXVI, 1934 [pp. 567—598; 6 diagrams; A, Ab, B, C, 

Co (partly Myrica?), F, P, Pe, Q, 8, T, U; Calluna, Erica]. 

Kotumse, E., Wald und Heide in Schleswig-Hoilstein. — Bot. Archiv, Bd. 

36, 1934 (pp. 269—300; 4 diagrams; A, B, C, Co, F, P, QM, 8; Hricac., 

Sphagnum). 

und Korps, F., Pollenanalytische Untersuchungen an zwei Heidemooren 

(Lowenstedt, Kr. Husum und Riisterbergen, Kr. Rendsburg). Studien 

zur postglazialen Florengeschichte Schleswig-Holsteins H. — Jahrb. 

Preuss. Geol. Landesanst., Bd. 54, 1933 (pp. 546—552; 2 diagrams; 

(ADC Cos BrP icQ, 6, fe U; Brcac:): 

Nintscu, F., Waldgeschichtliche Untersuchungen im westlichen Ostpommern 
und in der angrenzenden Neumark (Ein Beitrag zur Beurteilung der 
Siedlungstheorie R. Gradmanns). — Dohrniana, 13. Bd., Stettin 1934 
(pp. 3—137; 32 diagrams; A, cf Ab, B, CG; Covk Pee, 80). 
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OxervorreEr, E., Zur Geschichte der Siimpfe und Walder zwischen Mann- 
heim und Karlsruhe. — Ver. Naturk. Mannheim, 1934 (pp. 99—124;8 
diagrams; A, Ab, B, C, Co, F, Hippophae, P, Pe, Q, 8, T, U; Athyrium 
etc.). 

Overseck, F., Bisherige Ergebnisse der botanischen Moorforschung zur 
Frage der Kiistensenkung an der deutschen Nordsee. — Abh. Nat. Ver. 
Brem., Bd. XXIX, 1934 (pp. 48—73). 


PFAFFENBERG, K., Das Interglazial von Tidofeld (Jeverland in Oldenburg). 
— Ibid.. Bd. XXIX, 1934 (pp. 122—128; 1 diagram; A, B, C, Co, P, Pe, 
Q; T, U; Ericac.). ; 

— und Hassenxamp, W., Uber die Versumpfungsgefahr des Waldbodens 
im Syker Flottsandgebiet. — Ibid. 1934 (pp. 89—121; 10 diagrams; 
A;-B, Cy Co, F, Pp Pe, QT; Us erwee.)- 

PratsE, O., Die Schlickgebiete der Deutschen Bucht und die Beziehungen 
zwischen Strémung und Sediment. — Geol. Rundschau, Bd. XXV, 1934 
(pp. 145—160; P, Q). 

RoruscHi.D, 8., Zur Geschichte der Moore und Wilder im Nordteil der Ober- 
rheinischen Tiefebene. — Diss., Frankfurt 1933 (not printed; cited by 
Oberdorfer 1934). 

Scuvusert, E., Mooruntersuchungen im Gebiet der Niederelbe und Oste: 
Der Buschbleck. — 110 pp.; 18 diagrams; A, Ab, B, C, Co, F, P, Pe, Q, 
8, T, U; Caryophyllac., Chenopodiac., Compos., Cyperac., Fricac., Gra- 
min., Myrica, Plantago (typewritten; deposed at the Naturwiss. Fa- 
kultét der Johann Wolfgang Goethe-Universitat, Frankfurt am Main). 

Steumer, H., Eine pollenanalytische Untersuchung des Wasenweiler Riedes. 
—- Mitt. Bad. Landesver. Naturk. u. Naturschutz, N. F., Bd. 3, Freiburg 
1934 (pp. 25—28; 1 diagram). 

SraupacHer, W., Hin Beitrag zur Vorgeschichte und vorgeschichtliche 
Besiedlung des Federseemoors. — Jahresh. Ver. vaterl. Naturk. Wiirt- 
temb., 89. Jahrg.. 1933 (pp. 55—89; 4 diagrams; A, Ab, B, C, Co, F, P, 
Pe, Q, T, U; analyses by Firrsas, Ruorr, and ScHaar). 

TrpEtskt, F., Zur Waldgeschichte der schleswig-holsteinischen Geest. — 
Schr. Naturw. Ver. f. Schlesw.-Holst., Bd. XX, 1933 (19 pp.; 5 diagrams; 
A, BO) Co, FP, PenQ) ws al). 

Tiuxen, R., Die Pflanzensoziologie in ihren Beziehungen zu den Nachbar- 
wissenschaften. — Der Biologe, 1. Jahrg. 1932 (pp. 180—187). 

WasmunpD, E., Prihistorie, Anthropologie und Pollenanalyse in Schleswig- 
Holstein. — Schr, Naturw. Ver. f. Schlesw.-Holst., Bd. XX, 1934 (pp. 
365—383; 3 diagrams; A, B, C, Co, F, P, Pe, Q, 8, T, U). 

—, Grundwasserverhiiltnisse und Seespiegelschwankungen im oberbayeri- 
schen Osterseegebiet. — Mitt. Geogr. Ges. Miinchen, Bd. XX VII, 1934 
(pp. 87—123; 2 diagrams). 

Wervrn, E. und Baas, J., Wie alt sind Viehzucht und Getreidebau in Deutsch- 

_ land? — Natur und Volk, vol. 64, 1934 (pp. 495—505; A, B, ©, Co, 
Doullen,: PoePe, Q, Syl, aay: 

——, Die altesten Spuren von Viehzucht und Getreidebau in Deutschland. 
— Deutsche Landwirtschaftliche Presse. 61, no. 40 und 41, 1934. 

— und Kiemm, M., Der alteste Pflug der Welt. — Ibid., no. 32, 1934. 

Wixpvana, D., Hiniges iiber die geschichtliche Entwicklung des ostfriesischen 
Marschalluviums. — Mein Emsland, no. 11, Papenburg 1933, 
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Witpvane, D., Das Pollendiagram des Berumerfehner Moores. — Jahrb. 
Preuss. Geol. Landesanst. f. 1933, Bd. 54 (pp. 204—210; 1 diagram). 

—, Versuch einer stratigraphischen Eingliederung der ostfriesischen Marsch- 
moore ins Alluvialprofil und die sich dabei ergebenden Folgerungen in 
bezug auf Bodenschwankungen. — Ibid., Bd. 54 (pp. 642—685; 8 dia- 
grams). 

—, Die Interglazialbohrung Quakenbriick. — Ibid., Bd. 55 (pp. 142—150). 


Great Britain and Ireland. 


Brooks, C. E. P., Some problems of modern meteorology. No. 16. Post- 
glacial climates and the forests of Europe. — Quart. Journ. Roy. Met. 
Soc., vol. LX, 1934 (pp. 377—395). 

Erprman, G., Some Indications of the Character of Climate and Vegetation 
in North-western Europe during the Mesolithic Age. — Proc. 1st Int. 
Congr. Prehist. and Protohist. Sc. London 1932. Oxford Univ. Press 
1934 (pp. 105—107). 

Gopwin, H., The Age of the Pennine Peats. — Man, 68, 1934 (2 pp.). 

—, Pollen analysis. An outline of the problems and potentialities of the 
method. Part II. General application of pollen analysis. — The New 
Phytologist, vol. XX XIII, 1934 (pp. 325—358). 

— and Gopwiy, M. E., Pollen Analysis of Peats at Scolt Head Island, Nor- 
folk. — Reprinted from The Norfolk and Norwich Naturalists’ Society’s 
Scolt Head Island, Norwich 1934 (pp. 64—76; 2 diagrams; A, B, Co, 
F, P, Q, 8, T, U). 

Manr, A:, A wooden cauldron from Altartate, Co. Monaghan. — Proc. Roy. 
Trish Acad., vol. XLII, sect. C, no. 3, 1934 (pp. 11—29; 1 diagram; A, 
B, Co, P, Q, 8, U; Ericac.; analyses by JESSEN and JONASSEN). 

Warren, 8S. H., Crarx, J. G. D., Gopwin, H. and M. E., and Macrapyven, 
W. A., An Early Mesolithic Site at Broxbourne sealed under Boreal 
peat. — Journ. Roy. Anthrop. Inst., vol. LXIV, 1934 [pp. 101—128; 
1 diagram; A, B, Co, P, Q, T, U (analyses by H. and M. E. Gopwin)]. 

WHELAN, C. B., Pollen-analysis and Irish prehistory. — The Irish Natura- 
lists’ Journ., vol. V, 1934 (pp. 134—187). 


Italy. 


Marcuerti, M., Una torba glaciale del Lago di Massaciuccoli. — Proc. Verb. 
Soc. Toscana Sc. Nat., vol. XLVIII, Pisa 1934 [8 pp.; A, Ab, B, P (cf 
cembra, mugo, silvestris), Pe, S],| 


Latvia. 


Kiratrers, K. und Ercus, V., Balta skabarza (Carpinus Betulus L.) dabiska 
izplatiba un oikologija Latvija. — Acta Univ. Latv., Laiksaimniecibas 
facult. ser II, 13, Riga 1934 [pp. 343—435: 2 diagrams; A, B, C, Co, P, 
Pe, Q, T, U (analyses by M. GaLeniEKs); summary pp. 436—448: Das 
natiirliche Vorkommen und die Okologie der Hainbuche (Carpinus Be- 
tulus L.) in Lettland]. 
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Netherlands. 


Brisertnck, W., Humusortstein und Bleichsand als Bildungen entgegen- 
setzter Klimate. — Proc. Kon. Ak. Wet. Amsterdam, vol. XXXVII, 
1934 (pp. 93—98). 

Frorscuitz, F., Palaeobotanisch onderzoek van jongpleistocene afzettingen 
in het oosten van Overijssel. — Ibid., vol. XXXVII, 1934 (pp. 297— 
300; 1 diagram; A, Ab, B, C, Co, P, Pe, QM, 8; Ericac., Sphagnum; sum- 
mary pp. 300, 301: Palaobotanische Untersuchungen an jungdiluvialen 
Sedimenten im Osten der Niederlande). 

—, Over het microbotanisch onderzoek van aeolische afzettingen. — K. 
Ned. Aardr. Genootsch., 2:e Ser., deel LI, 3, 1934 (pp. 335—341). 
Louman, G. G., On the occurrence of Interglacial (Risz-Wiirm) Peat in Hol- 
land. — Proc. Kon. Ak. Wet. Amst., vol. XX XVII, 1934 (pp. 22—27; 

A, Ab, B, C, Co, P, Pe, Q, 8, T, U; Ericac., Sphagnum). 

Scuroper, D., Eine Calluna-Heide unter der Zuidersee. Pollenanalytische 
Untersuchungen an einem Profil vom Wieringermeerpolder. — Abh. 
Nat. Ver. Brem., 1934 (pp. 83—88; 1 diagram; A, Ab, B, C, F, P, Pe, 
Q, 8, T, U; Hricac., Gramin.). 

VERMEER-LoumMAN, G. G., Pollen-analytisch onderzoek van den westneder- 
landschen bodem. — Akad. Proefschrift, Amsterdam 1934 (184 pp.; 
2 diagrams; A, Ab, B, C, Co, F, P, Pe, Q, 8, T, U; Chenopodiac.-Alsin., 
Compos., Crucif., Cyperac., Ericac., Galium, Gramin., Lychnis flos cu- 
culi, Melandrium, Myriophyllum alterniflorum, Nuphar ?, Nymphaea, 
Sparganium?, Stellaria wuliginosa?, Thalictrum?, Typha, Valeriana?, 


Umbellif.). 
Norway. 


Orpine, A., Om nye metoder og hjelpemidler ved pollenanalytiske under- 
sokelser. — Medd. fra Det norske Skogsforsoksvesen, 1934 (pp. 161— 
196; 1 diagram; A, B, P, Pe, QM; summary pp. 184—194: On new me- 
thods and facilities concerning pollenanalytica] investigations). 


Poland. 


DABKOWSKA, I., Torfowiska jeziorne i dolinne Zrédet Szezary. — C. R. Soc. 
Se. Varsovie, cl. IV, XXVI (1933) 1934 (29 pp.; 8 diagrams; A, Ac, B, 
C, Co, F, Fx, P, Pe, Populus, Q, 8, T, U; summary pp. 26, 27: Tourbiéres 
lacustres et fluviatiles des sources de la Szezara). 

—, O torfowiskach Ziemi Dobrzyfskie}. — Spraw. Kom. Fizj. Polsk. Akad. 
Umiej, T. LXVIII, 1934 (34 pp., 6 diagrams; A, Ab, B, C, Co, F, Fx, 
P, Pe, Populus, Q, 8, T. cordata, T. platyphyll., U; Cornus, Viburnum; 
summary pp. 28—31: On the peat bogs of the environs of Dobrzyf on 
the Vistula). 

Lupuinerowna, K., Analizy pytkowe torfowisk pasa bezswierkowego. — 
Tray. et C. R. inst. rech. foréts domaniales, Sér. A, Nr. 5, 1934 (pp. 7— 
38; 8 diagrams; A, Ab, C, B, Co, F, Fx, P, Pc, Q,8, T, U; summary pp. 39, 
40: Analyses polliniques des tourbiéres de la zone située en dehors de 
Yaire naturelle d’épicéa), 
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Preuss, H., Vorkommen subarktischer Pflanzen und Arten steppenihnlicher 
Verbande im unteren Weichselgebiet unter besonderer Beriicksichtigung 
ihrer Entwicklungsgeschichte. — Deutsch. Wissenschaftl. Ztschr. f, Po- 
len, H. 26, 1933 (26 pp.). 


Rumania. 


Pop, E., Analizele de polen si insemnitatea lor fitogeografica. — Bul. Soc. 
Reg. Rom. Geogr. ,LIT, 1934 (pp. 90—144; 2 diagrams; summary pp. 
145—147: Die Pollenanalyse und ihre phytogeographische Bedeutung). 


Russia, Siberia. 


Doxturowsky, W. §8., Interglacial Peat in White-Russia. — Records of 
the White-Russ. Acad. of Sci., no. 3, 1934 (16 pp.; 5 diagrams; A, Ab, 
C, Co, F, Ilex, Lariz, P, Pe, Q, QM, 8, T, U; English summary p. 16). 

Foss, M. E., Ansiedlung eines vorgeschichtlichen Menschen auf Torfmoor. 
— Torfjanoe Djelo, no. 6, 1954 (pp. 32—34; Russian). 

Kristarowicn, A. N., Lehrbuch der Paliobotanik. — Leningrad 1933 (Rus- 
slan). 

Markow, K. K., Die spat- und postglaziale Geschichte der Umgebungen 
Leningrads in Zusammenhang mit der spit- und postglazialen Ge- 
schichte des Baltikums. — Trav. Commiss. étude Quatern., Acad. Sc. 
URSS, IV: 1, Leningrad 1934 (pp. 5—70; German summary pp. 69, 70). 

—, Porezxis, V. S., und Susapina, E. V., Uber Spiegelozillationen der 
Ladoga- und Onegaseen in postglazialer Zeit. — Ibid., IV: I, 1934 (pp. 
71—130; 12 diagrams; A, B, Co, P, Pc, Q, 8, T, U; German summary 
pp. 114, 115). z 

Porezxkis, V. 8., Jous#, A. P., et SeSuKova, V. 8., Les diatomacées de la 
presqu ile de Kola et la composition microscopique de ses diatomites. 
— Trud. geomorph. Inst., livr. 8, Leningrad 1934 (pp. 95—210, 4 plates 
with 22 figures; 8 diagrams; A, B, P, Pc, QM, 8; French summary 
pp. 206—209). 

ZemusaKov, B. F., Der neolithische Siedlungsplatz von Negeshma. — Trav. 
Commiss. étude Quartern., Acad. Sc. URSS, IT, Leningrad 1932 (1 dia- 
gram; A, B, C, P, Pe, Q, 8, T, U; German summary). 

Zerow, D. K., Die Stratigraphie der Torflagerstitten der Ukraine als eine 
der Grundlagen zur quartiren Geschichte der Vegetation und des Kli- 
mas. — Die Quartirperiode, Lief. 5, Acad. Sc. Ukraine, Kiew 1933 (pp. 
97—112; 9 diagrams; A, B, C, Co, P, Pc, Q, 8, T, U; Russian). 

—, Zur Frage nach der Zeit und den Verhialtnissen der Sphagnum-Ver- 

sumpfung der nordwestlichen Ukraine. — Journ. Inst. Bot. Acad. Sc. 

Ukraine, no. 2 (10), 1934 (pp. 137—152; 10 diagrams; A, B, C, Co, F, 

P, Pc, Q, 8, T, U; German summary pp. 147, 148). 

—, Postglaziale Geschichte der Walder und des Klimas der nordwest- 

lichen Ukraine auf Grund von pollenstatistischen Untersuchungen. — 

Beih. Bot. Centralbl., Bd. LII, Abt. B, 1934 (pp. 195—208; 6 diagrams; 

ieee Geto, Pore, 0,5, 1, U). 
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Sweden. | 

Grantunp, E., Die Strandverschiebung bei Jénképing. — Geol. Foren. Forh., 
Bd. 56, Stockholm 1934 (pp. 335—340; 1 diagram; A, B, C, Co, F, P, 
Pe, Q, T, U; analyses by Larsson). 

Marmstrom, C., Almen pa sin nordligaste fyndort 1 Sverige, Skikkisjéberget 
i Asele Lappmark. — Svenska Skogsvardsforen. Tidskr., 1934 (pp. 112— 
128; 2 diagrams; A, B, cf Co, P, Pe, ef Q, T, U; analyses by T. von Post; 
summary pp. 128—130: Die Ulme auf ihrem nérdlichsten Standort in 
Schweden, dem Skikkisjéberg in Asele Lappmark). 

—, Trapa natans L. i Lysvik (Virmland). Nagra ord om vart lands nord- 
ligaste hittills kanda fyndort for fossila sj6u6tter. — Svensk Bot. Tidskr., 
Bd. 28, 1934 (pp. 461—465; 1 diagram; A, B, Co, P, Pc, Q, T, U; analyses 
by T. von Post). 

von Post, L., Bonislinjen. En ledniva bland Siljansbickenets senkvartiira 
strandlinjer. — Geol. Foren. Forhandl., Bd. 56, 1934 (pp. 19—59; 4 
diagrams; A, B, Co, Hippophae, P, Pe, Q, T, U). 

SaANDEGREN, R., Ett fynd av fossil Cladiwm mariscus i Giastrikland. — Ibid., 
Bd. 56, 1934 (pp. 111—113; 1 diagram; A, B, C, Co, P, Pc, Q, T, U). 

—, Revue annuelle de la littérature géologique suédoise 1931—1933. — 
Tbid., Bd. 56 (1934) 1935 (pp. 531—595). 

—, Om den postglaciala havstransgressionen vid Sydsveriges kuster. — 
Tbid., Bd. 56, (1934) 1935 (pp. 628—631). 

—, Fynd av fossil kronhjort och vildsvin fran Réde mosse vid Hornborga- 
sjOn, Vastergétland. — Fauna och Flora, Uppsala 1934 (pp. 177—183; 
ASB Ues PRO! EU). 

—, in Sanpxuer, A. och SANDEGREN, R., Ett kanotfynd i Yasjén, Rolfs- 
torps socken. — Var Bygd (Hallands Hembygdsforbunds arsskrift) 
1934 (pp. 35—42; 1 diagram; A, B, C, Co, F, P, Pe, Q, 8, T, U; analyses 
by Larsson and SANDEGREN). 

—, in AskLunD, B. och SANDEGREN, R., Beskrivning till kartbladet Stor- 
vik. — Sveriges Geol. Unders., Ser. Aa, No. 176, Stockholm 1934 (pp. 
116—145; 8 diagrams; A, B, C, Co, P, Pe, Q, 8, T, U; Myriophyllum 
alterniflorum; analyses by Larsson, 8. von Post, and SANDEGREN). 

THomasson, H., Boplatsens tidsstillning. — Pp. 152—226 in Atry, Nixias- 
son och THomasson, Stenaldersboplatsen pa Sandarna vid Géteborg. — 
Géteborgs Kungl. Vet. Vitt. Samhilles Handl., Femte féljden, Ser. A, 
Bd. 3, no. 6, Géteborg 1934 (9 diagrams; A, B, Co, P, Pc, Q, T, U; sum- 
mary pp. 219—221: Die Altersbestimmung des Wohnplatzes bei San- 


darna). 
—, Askekirrsbatens alder. — Pp. 22—34 in Humspia och THomasson, 
Askekirrsbaten. — Géteborgs och Bohusliins fornminnesférenings Tid- 


skrift; Goteborg 1934 (4 diagrams; A, B, C, Co, F, P, Pe, Q, T, U). 
WesterGirp, A. H., En kvartir stromatolitkalksten fran Bohuslin. — 
Sveriges Geol. Unders. Ser. 0, N:o 381. Stockholm 1934. 


Switzerland. 


Ketter, P., Die Grundziige der nacheiszeitlichen Waldentwicklung in der 
Westschweiz. — Ber. Geobot. Forschungsinst. Riibel fiir das Jahr 1933, 
Ziirich 1934 (pp. 33-40; 2 diagrams; A, Ab, B, ©, Castanea, F, Hippo- 
phae, P, Pe, QM, 8). 
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En berggrundsrekognoscering inom Lekebergsomradet. 
Av 


P. J. Hotmauist. 
(Manuskr. inkommet !7/s 1985.) 

Da diskussionen* om aldersférhallandena mellan urbergsbildnin- 
garna inom Lekebergsomradet ej syntes mig kunna leda till ett av- 
goérande, och det var uppenbart, att den visentligaste orsaken hirtill 
utgjordes av bristen pa direkta observationer rérande de fialtgeolo- 
giska férhallandena, har jag sékt avhjilpa denna brist genom att 
under ett par veckors tid féregaende sommar studera berggrunden 
1 dessa trakter. Exkursionerna moliggjordes genom erhallandet av 
ett stipendium fran den s. k. Jernkontorsfonden vid Tekniska Hiég- 
skolan, fér vilket understéd jag harmed énskar. uttrycka min stora 
tacksamhet. 

Sasom framgar av den férda diskussionen, utgéres det geologiska 
huvudproblemet inom namnda trakt av den s. k. Filipstadsgranitens 
alder i forhallande till Orebrograniten och de ombildningar ay den 
mellan dessa granitmassiv liggande leptitformationen, vilka antogos 
sammanhéra med sistnimnda granit. Enligt Macnussons och Lan- 
DERGRENS tolkningar skulle Filipstadsgraniten vara yngre iin Orebro- 
graniten, medan det enligt de framstallningar, som limnats av 
TérNneEBoHM, HumMen, Gumaiius och Brompere, forhdélle sig tvairt om. 

Det syntes mig féga antagligt, att nimnda forskares pa en myc- 
ket vidstrickt och ingaende kannedom om de faktiska forhallandena 
grundade uppfattning skulle kunna vara felaktig 1 ett sa vasent- 
ligt avseende. Da emellertid Aven deras uppgifter 1 litteraturen 
(kartbladsbeskrivningar) utmiirka sig fér en pafallande knapphet 
rorande de faltiakttagelser, varpa de grundat sin uppfattning, syn- 
tes det mig vara av storsta vikt med hansyn till fragans urbergs- 
teoretiska konsekvenser att sdka fa iakttagelserna kompletterade. 

Mina faltundersékningar fordelades i ungefair lika grad emellan 
Orebrogranitens, leptitzonens och Filipstadsgranitens omraden. Det 
féljande utgér en kortfattad redogérelse for resultaten. 

Orebrograniten vid Orebro. Denna vackra granitart 
utmirkes av sin ratt grovkorniga och likformiga struktur, ljusréda 


1G, F. F. 55 (1933) 612, 648, 651, 663, 56 (1934), 65, 630, 660, 664. 


> 
276 Pp. J. HOLMQUIST, [ Mars—April 1935. 1 


farg och val utbildade kristallinitet. Starkast framtriida de blek- 
réda ainda till 2 4 3 em stora mikroklinkristallerna, vilka aro ut- 
bildade som enkla karlsbadertvillingar av tjockt tavelformig till 
mera isometrisk form. Plagioklasen, av oligoklassammansittning 
(Anzo), ar aven tavelformig men av betydlgt mindre storlek 
och aven kvantitativt mycket underliigsen. Makroskopiskt fram- 
trida vidare den svarta glimmern ganska rikligt och den gra- 
vita gryniga kvartsen, vilken synes vara férhanden i fér de enkla 
granittyperna normal mingd. Fér det mesta fir graniten 1 Orebro- 
trakten fullt massformig, men undantagsvis féreter den en shrig 


Fig. 1. Orebrogranit fran Orebro. Foto av stuffprov. 


forskiffringsstruktur, gaende i riktningen O—V och bunden vid 
vissa zoner, vilka ock férete brottstyecken av leptitartade bergarter. 
Dessa mer eller mindre skiffriga typer visa en slaende éverensstim- 
melse med granitarter fran de éstligare bergslagsdistrikten, vilka 
eljest riknats tillhédra den ildsta granitgruppen.2 En tydlig klyv- 
barhet, brantstaende och strykande NV—SO, iir stundom férhanden 
aivensom en flackt fallande bankning. 

Med hinsyn till de praktiskt virdefulla egenskaper denna granit 
synes besitta, hade man kunnat férmoda, att den skulle fatt stor an- 
vandning till byggnads- och monumentsten. Orebro stad har i stor 
utstrickning anvint granitarter av mycket liknande utseende till 


=e Tyvirr finnes ingen kemisk analys publicerad, som med sikerhet hanfér sig ti 
5 ¢ till 
denna vackra och konstanta granittyp. Jfr fodrf:s »Studien iib in Gegticn 
Schweden». Bull. Geol. Inst. Ups. ViL (1906): 182. Riageensh rete Sree 
2G. F. PF. 56 (1934): 362. 
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monumentala byggnader, kajer m. m., men enligt de upplysningar, 
jag erhdll pa stadens byggnadskontor, har sa gott som all sadan 
sten tillférts fran avligsnare platser och mestadels fran de bekanta 
forekomsterna pa Vatién utanfér Norrtalje. Endast ett fatal myc- 
ket obetydliga stenbrott hava tagits upp i stadens niirhet. P& sista 
tiden ha dock tvenne stenhuggerimiin pabegynt en tillverkning av 
byggnadssten av Orebrogranit. Brotten, beliigna vid Hageby N om 


Fig. 2. Foto av stuff av Filipstadsgranit. Block (lokal-) fran sjén Leken. 


staden, utvisade en synnerligen vacker blekréd, medelgrov och jimn- 
kornig granittyp med god N V—SO-lig brantstaende klyvbarhet samt 
en flackt at OSO fallande bankning. I ett av de nya brotten visade 
sig detta méjliggéra uttagande av stora jimfoérelsevis tunna mate- 
rialamnen; i ett fall uppmattes en skiva av dimensionerna c:a 
1X 2X 0.25 meter, men betydligt stérre och aiven tunnare skivor 
syntes kunna erhallas. (Fig. 4.) 

De uti Orebrograniten férekommande brottstyckena utgéras ge- 
nomgaende av leptitbergarter. En sak av stort intresse ar, att de- 
samma hava kontaktmetamorfisk, icke regional-dynamometamor- 
fisk strukturutbildning. Detta utgdr en vasentlig, geologisk be- 
tydelsefull skillnad gentemot t. ex. Stockholmsgraniten, vars all- 
mant forekommande brottstycke-inneslutningar utgéras av gnejser, 
d. vy. s. s..k. tryckmetamorfiska bergarter. 


19—343890. G.F.F. 1935. 
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Orebrogranitens kontakter mot leptitregio- 
nen. Berggrundszonen mellan Kilsbergen och Orebrogranitmassi- 
ven uppbygges av ratt hégkristallina, kvarts-faltspatrika och utprag- 
lat parallellstruerade bergarter, vilka av TORNEBOHM ursprungligen 
betecknats som »rédaktig gnejs» och »jarngnejs», men som Magnus- 
son och LANDERGREN i enlighet med allmant nutida uppfattningssatt 
riktigt uppfattat som tillhérande den superkrustala serien och be- 
tecknat leptit. Bland desamma iro emellertid rédaktiga leptitgne}- 
ser forhirskande, sirskilt inemot Kilsbergens 6stra sida, dir de ock 


Fig. 3. Glacialslipad hall av Orebrogranit, Orebro, N. 


ses vixellagra med amfibolitiska typer och éverhuvud taget vil dver- 
ensstimma med de skiktade jirngnejserna fran jirngnejsregionens 
granszoner. Dir dessa bergarter iro smaveckade, giva de som van- 
ligt upphovy till pegmatitiska utséndringar, vilka sakna allt samband 
med graniterna savil vister som éster om dem, och salunda patag- 
ligen iro bildade genom endogena foérlopp. Av otvivelaktigt 
exogen natur aro diremot de sma mingder av pegmatit, som upp- 
trida har och dir inom Orebrogranitens kontaktzoner mot leptiterna 
1 viaster. 

Kontaktférhallandena emellan gnejserna, leptiterna och den otvi- 
velaktigt yngre Orebrograniten har TéRNEBOHM angivit genom att i 
gnejsen (leptiten) utmirka zoner, starkt genomflitade av gangar 
av granit och pegmatit, medan LanperGgren framstillt férhallan- 
det genom att lata Orebrograniten pi kartan vara omgiven av ett 


7 


A 
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balte, som betecknats som Stockholmsgranit, dirmed angivande, att 
graniten 1 detta bilte ager Stockholmsgranitens egenskaper samt i 
de centrala falten dvergir i Orebrogranit. Térnesoum har i vissa 
andra fall anvant ett liknande beteckningssitt. Uti ifragavarande 
omraden ar berggrunden inom vidstrickta falt i s& hog grad dold 
under de lésa jordlagren, att endast en starkt schematiserad berg- 
grundskarta kan astadkommas. De teoretiska konsekvenserna av 
det valda beteckningssattet aro emellertid sa betydande, att dess 


Fig. 4. Stenbrott i tunnbankad Orebrogranit vid Hageby, Orebro. 


berattigande kan ifragasittas, 1 detta fall sa mycket mera, som det 
icke blivit motiverat genom nagon publicerad detaljutredning. Jag 
ansag mig darfor bora agna stor uppmarksamhet at denna fraga och 
besékte forst trakterna norr om Tysslingen samt kring Eker och Kil. 

Hallarna i narheten av Blacksta utgéras‘ay mycket sma _ blott- 
ningar och besta till stor del av gra leptit med gangar av réd sma- 
kornig granit eller av réd smakornig granit starkt uppfylld av 
brottstycken av kontaktmetamorfisk gra leptit. Vid Elgesta ut- 
géres bergarten av en réd medelgroyv starkt deformerad granit till- 
sammans med ett stort parti av en siregen kalksilikatisk kontakt- 
bergart, sikerligen av leptitiskt (superkrustalt) ursprung. Den 
starkt deformerade graniten visar ock antydan till stinglig skiff- 
righet med fall 80—35° at vaster. Vid Halleby anstar ater medel- 
erov till medelkornig Orebrogranit ‘(sasom ock LaNnDERGREN angivit) 
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i ganska typisk form. Som ett slutomdéme om férhallandena nort 
om Tysslingen kan siigas, att de icke motivera angivandet av Stock- 
holmsgranit sisom utgdrande berggrunden. 

I trakten vid Eker samt norr och séder dirom ir berggrunden 
blottad i ett stort antal hallar. Vid Ekers kyrka och narmast norr 
dirom forekommer Orebrogranit dels gra, dels ock réd samt nagot 
pegmatitisk, ehuru pegmatit ej forefinnes allmannare 1 trakten. I 
hillar NNV om kyrkan finner man leptiten, som har kontaktmeta- 
morfisk karaktir, fir tit och hard men ej adergnejsartad. Har sags 
ock ett antal gangar av granit genomskira leptiten. Dessa gangar 
utgéras dels av grov réd granit dels av liknande nagot pegmatit- 
artade dels aven av aplitartade typer. Nagon verklig Stockholms- 
granit synes ej forekomma inom omradet, och ej heller motsvara 
kontaktférhallandena de fér Stockholmsgraniten utmirkande. Dar- 
emot har man har otvivelaktigt att géra med genomflitningskon- 
takter av Orebrogranit uti leptiten i samband med aplitiska och 
pegmatitiska modifikationer av graniten sjilv. 

I trakten omkring Kils kyrka finnes endast ett ringa fatal obe- 
tydliga blottningar av fast berg. En av dessa nagra hundra meter 
éster om kyrkan utvisade en ljusgra gnejsbergart med shror av aplit 
och pegmatit. 

Den geologiska kartbilden av trakterna norr hiarom upp emot Nora 
har formats mycket olika av de férfattare (Linnarsson 1875, T6RNE- 
BoHM 1880, LanpERGREN 1934), som redigerat densamma. Ingen- 
dera har nirmare ingatt pa och ain mindre lést de invecklade petro- 
grafiska och tektoniska problem, som berggrunden har erbjuder. 
Redan de pa kartorna inférda bergartsbeteckningarna befunnos vid 
min undersékning vara hégst osiikra. Den pa Linnerssons (Sveriges 
Geol. Unders. Blad »Latorp») karta och fiven avy LANDERGREN men 
e) av 'TORNEBOHM som granit betecknade hallen sydviist om Stenars- 
torp befanns salunda utgéras av en réd slirig kvarts-faltspat-gnejs 
med flackt at S, SV eller V fallande plan pegmatitadrighet. I hégre 
delar av den stora hillen framtridde stillvis en ost—vistlig eller 
flackt at vister fallande smaveckningsaxel, en veckningsform, som 
kan férklara orsaken till den vixlande stupningen. Samtidigt av- 
sléjade sig gnejsen som en typisk s. k. réd leptitgnejs, en allman 
varietet inom de djupare nivaerna av det superkrustala urberget. 

Hiallarna vid Lockhyttan férete en bergart av liknande beskaf- 
fenhet som vid Stenartorp, d. v. s. en pegmatitslirig smakornig rid 
leptitgnejs. Skiffrigheten ar stark, linjar och O—V-riktad, sanno- 
likt med flackt fall nagot at O. Aven de smiirre hillarna vid vagen 
upp mot Ramsjén synas vara likartade. 


. 
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Vid Kalltorp utmed Ramsjén synes daremot en annan bergarts- 
typ méta, namligen en smakornig ljust gra granit. Den ar fullt 
massformig och av en aplitartad karaktir samt kan sigas likna de 
ljusaste arterna av Stockholmsgraniten. En svagt grénaktig farg- 
ton 1 den ljusa massan utgdr dock en viss olikhet, och bergartens 
férhallande i falt ar ock tvetydigt. I héjderna éster om Kalltorp, 
Tallasen, synes den 6verga i en bergartstyp av dunklare era 
farg men med samma massformighet och mineralsammansittning som 
férut. Den har ett utseende, som narmast 6verensstiimmer med de 
réda leptitgnejserna. Mikroskopisk undersékning av de bada berg- 


Fig. 5. Klippholme av skiktad kalkig skarnbergart i sjén Stora Bjérken vid Svarta. 


arterna har visat, att de sammansiattas av albit, mikroklin, kvarts, 
biotit och muskovit av i bada fallen samma beskaffenhet. Sarskilt 
pafallande ar albitens ymnighet och dess talrika inneslutningar av 
muskovit. Bergarten vid Ramsjén innehaller talrika ansamlingar 
(delvis sprickfyllnader) av zoisit, medan 'Tallasen-bergarten 1 stil- 
let hyser dylika av epidot och ortit. Mikrostrukturen Ar i bada fal- 
len likartad, nimligen en ren, undulés foglinjering med tendens till 
myrmekitbildning, eller med andra ord sadan som utmiarker Bohus- 
graniten och jirngnejserna. Bergartens stallning ar salunda osiker. 
Skulle den verkligen utgiéra en av de serarkeiska graniterna, kan 
den i varje fall ej sigas vara avy Stockholmsgranitens typ. Att 
stora svarigheter i dessa trakter mbta vid sirskiljandet i falt av gra- 
nit och leptit (»eurit», gnejs) framgar aven av beskrivningen till 
geol. kartbladet »Latorp» (sid. 18—19). 

SV om Orebro (geol. bl. »Riseberga») finnes enligt de aldre 


282 Pp. J. HOLMQUIST. [Mars—April 1935. , 


kartorna ett omrade inom kambrosilurslatten, dir urberget gar 1 
dagen med ett stérre antal spridda hallar av granit och gnejs (leptit). 
Vid av mig féretagen rekognosering inom detta omrade fann jag 
foljande forhallanden. 

Hallarna vid landsvigen vid gardarna Klint och Hiallen besta av 
sliriga (leptit-)gnejser och tata skiktade leptiter, genomvaivda ay 
ljus aplitisk granit, delvis eruptiva breccior med styckena parallell- 
ordnade i riktning NV—SO. Vid Perstorp hornfelsartad gra oskik- 
tad leptit. Vid Dyvinge en breccia, lik den vid Klint och samma 
parallellorientering. Den pa geol. kartbladet som granit utmirkta 
runda hiallen vid Dyvingstorp bestar av en i O—V eller VNV—OSO 
smaveckad, brant stupande och nagot adergnejsartad leptitgnejs. 
Vid Hulinge égonartad pegmatitgranit med talrika glest liggande 
brottstycken av moérk hornfelsartad leptit. Gnejsen vid Raby (Lév- 
sta) utgéres huvudsakligen av skiktad tat leptitgnejs, strykande 
VNV eller V med brant stupning. Likasa vid Perstorp, dar aven 
genombrytande pegmatitartad porfyrisk granit och aplit férekom- 
ma. Vid Ravgriava hillar av réd granit, liknande Orebrotypen, med 
brottstycken av tit slirig leptit, anordnade i riktning O—V. Aven 
hallar av tit gra skiktad leptit, strykande ratt O—V. 

Som en sammanfattning kan sagas, att detta omrade har karak- 
tiren av en eruptiv brecciezon till Orebrograniten, utvisande pegma- 
titiska och aplitiska modifikationer av dess magma och med huvud- 
sakligen hornfelsartad inverkan pa de omslutna brottstyckena av 
leptitiska bergarter. Férhallandena fro salunda ratt avvikande 
fran dem for Stockholmsgraniten utmirkande. 

Inom Kilsbergens omrade firetog jag undersékningar 
dels fran Svarta som utgangspunkt dels fran Lekebergstrakten, i 
forsta hand fbr att utréna Filipstadsgranitens férhallanden. 

Omkring Svarta framgar i ett brett bilte med NV-lig strykning 
den superkrustala urbergskomplexen. Dess ildre del, som bestar av 
skiktade kvarts-faltspatbergarter med gnejsartad utbildning och 
som vanligt blandade med amfibolitiska lager, intager omradena 
norr om Svarta, medan de yngre lagren, sasom redan TdRNEBOHMS 
karta angiver, framstryka pa samma siitt sébder om Svart&. Grins- 
zonen framgar genom Svartans dalgang i sjéarna Lilla och Stora 
Bjérken. I Stora Bjérkens sédra del var under mitt besik till féljd 
av det radande laga vattenstandet nagra sma klippholmar blottade, 
vilka visade sig tillhéra en skarnhorisont inom niimnda yngre lager. 
(Fig. 5.) Det var en utpriglad skiktad kalksilikathorn- 
fels-bildning med tunna band av tit mérk kvartsit, angivande allt- 
sa, stark kontaktmetamorfisk paverkan. 
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Utgaende fran Svarta studerade jag Filipstadsgraniten i den Fal- 
kenbergshéjden norr om sjén Multen. Hiir air denna siregna granit 
fér handen i typisk form, vitt skild sa val till sammansiattning som 
struktur fran Orebrograniten. I allmanhet air den dock starkt pa- 
verkad av tryckmetamorfos, som astadkommit krosstrukturer och 
aven mineralogiska férindringar av sammansittningen. Hornblinde 
saknas och ir helt ersatt av biotit. Av faltspaterna visar sig orto- 


Fig. 6. Foto av stuff av skiffrig Filipstadsgranit fran Falkenbergshéjden vid Multen. 


klasen (pertit) mindre paverkad, men plagioklasen (An,,;) har gi- 
vit upphov till en mycket riklig nybildning av epidot. Pa det hela 
taget visade sig bergarten pa Falkenbergshéjden vara massformig 
och mycket homogen. I vissa delar iakttogs skiffrighet och brant 
at NO riktad strackning samt enstaka brottstyckeinneslutningar av 
mork leptit eller metabasit. Fig. 6. 

Pa toppen av Falkenbergshéjden gjordes den viktigare upptackten 
av smala raka gangar i Filipstadsgraniten av en smakornig granit 
av blekréd farg och innehallande talrika 1 ytan listformigt,utbildade 
kristaller av kalifaltspat. Dessa gangar overensstimde patagligen 
med Orebrograniten men voro visentligt finkornigare och med en 
mera tunntavelformig utbildning ay kalifaltspaten ain som utmirker 
Orebrogranitens huvudtyp vid Orebro. Inom dirvarande stora mas- 
siv férekomma dock strukturvarieteter av mycket liknande utbild- 
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ning. Mikrofotografierna, fig. 7 och 8, askadhggéra d6verensstam- 
melsen i strukturutbildning och sammansittning. 

Den strukturvariation, som salunda férekommer i Orebrograniten, 
utgir en analogi till de bada strukturtyper, som W. C. Br6OGGER siir- 
skilde inom det sydnorska nefelinsyenitomradet. BréacErr beteckna- 
de de »eugranitisk normala» nefelinsyeniterna ditroiter och de 
trakytoida foyaiter och framhaller, att foyaitstrukturen — lik- 


Fig. 7. Mikrofoto i pol. ljus och kors. nic. av den gangformiga Orebrograniten i 
Filipstadsgranit pi Falkenbergshéjden vid Multen. Férstoring 9 x. 


som den trakytoida strukturen éverhuvudtaget —- uppkommit vid 
kristallisation under rérelse, som salunda betingat sjilva den 
tunntavelformiga gestalten av faltspatkristallerna och dessutom ofta 
en fluidalstruktur genom parallellanordning av desamma. BrOGGER 
framhaller vidare: »dem entsprechend sind die Foyaite — mégen sie 
grosstafelig grobkérnig oder diinntafelig kleinkérnig struirt sein — 
ganz vorherrschend entweder als Gangmassen oder als Grenzfacies 
ausgebildet, und bilden nur seltener kleine selbstiindige Massive.’ 


1 W. C. Broccrer: Das Ganggefolge des Laurdalits. Videnskabsselskabets Skrif- 
ter. I. Math.-Naturv. Klasse 1897, N:o 6, Sid. 165. 

Detta terminologifirslag, som skulle val tillgodosett viktiga strukturrelationer hos 
nefelinsyeniterna och aven varit avy motsvarande betydelse med avseende p& gra- 


niterna har dock ay andra, petrogenetiska skal icke vunnit efterféljd. Jfr ArTHUR 
Hotmes: »The Nomenclatur of Petrology, 1920.» 
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Patraffandet av denaimnda granitiska gan- 
garna av Orebrogranit uti Filipstadsgranit p4 
Falkenbergs aided si vid Multen torde salunda 
avgoéra fragan om aldersférhallandet emellan 
dessa bergarter, och®det 5s Synes ej kunna rada 
nagot iio om, att Orebrograniten arden yn g- 
re, sasom ock tidigare rekognoscérer, TORNEBOHM, HumMeEL, GuM- 
Lius och BiromBere, uppfattat forhallandet. 


Fig. 8. Mikrofoto i pol. ljus och kors. nic. av Orebrogranit vid Hageby, Orebro. 
Férstoring 14 x. 


Overst pa Falkenbergshéjden patraffade jag iiven ett stérre parti 
(brottstycke) av leptit i omedelbar kontakt med den grovkorniga 
Filipstadsgraniten. Denna leptit var liksom inneslutningarna 1 
Orebrograniten av hornfelsartad karaktir och visade sig mikrosko- 
piskt sammansatt huvudsakligen av kvarts, alkalifaltspater, blek- 
gron augit och granat. Brottstyckets kontakt mot graniten var pa 
ena sidan dold av krossgruset, men det kunde -konstateras, att nagot 
spar av pegmatitisering ej forefanns. Hj heller eljest syntes nagon 
pegmatitbildning fé6rekomma 1 samband med Fuilipstadsgraniten. 
Foérst pa Trumoén 1 sjén Multen sags pegmatitadror forekomma i 
leptitgnejsen, men det finnes ej nagon som helst anledning att sitta 
denna foreteelse i samband med Filipstadsgraniten. 
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Pegmatitisering férekommer nimligen regionalt 1 kvartsfaltspat- 
gnejserna utmed Kilsbergens sydéstra sida. Sadana férekomster sa- 
gos vid Sérbytorp (Strykn. N 60° V, brant stupn.), Runnetorp 
(strykn. N—S och NV—SO), Tjuvbergsgruvan (sicksackveckning 
med vaxlande axelriktning), Dansaréhagen (smaveckning med at N 
fallande axlar), Vekhyttan (skarnférande leptiter jamte faltspat- 
porfyrgnejs, grov pegmatitblandad gnejs, delvis granatférande och 
med inrérda klumpar av amfibolit; dessutom hallar av pegmatit- 
granit och skiktad leptit), Kinkhyttan (réd leptit, strykning NV), 
Skinnarefallet (réd leptit med utpraglad linjir forskiffring, fallan- 
de flackt At VNV), Lekhyttan (granitoid gnejs eller granit, Haget 
(granitoid gnejs). 

Pegmatitiska och aplitiska leptitgnejser ansta aven vid éstra in- 
den av sjén Leken (dar aildre kartor angiva granit). Mylonitiserade 
bergarter av svarbestimbart ursprung, dock icke av Filipstadsgra- 
nit samt diabas sagos vid Lekens sydsida. Forst i hallar ett stycke 
bortom vastra inden av sjén anstar Filipstadsgraniten i fast klyft. 
Den ar har starkt ombildad, huvudsakligen genom mekanisk pa- 
verkan, men dock med bibehallen massformig struktur. 

Av den limnade redogérelsen torde framga, 

att TOrNEBomMs, Hummes, Guma&.ius’ och BLomBerGs uppgift, att 
av de bada granitarterna Orebro- och Filipstadsgraniten den forra 
air den yngre, bestyrkts, 

att nagon bergart, 6verensstimmande med Stockholmsgraniten icke 
synes férekomma inom det undersékta omradet, 

att pegmatitbildning inom omradet dels férekommer sporadiskt 
vid Orebrogranitens griins mot leptitkomplexen, dels regionalt i 
samband med de rida kvartsfaltspatleptiteterna, men icke star i 
nagot som helst samband med Filipstadsgraniten, 

att leptitkomplexens omvandlingsform inom omradet genomgaende 
ir av kontaktmetamorfisk natur. Regional-tryckmetamorfos visar 
sig huvudsakligen endast inom kvartsfaltspatgnejserna (den réda 
leptitgnejsen) samt uti Filipstadsgraniten, 

att omradets superkrustalkomplex (leptiterna) visar en primir- 
tektonisk orientering med O—V till SO—NV-riktning. Denna ge- 
nomskiires av bade Orebro- och Filipstadsgranitmassiven, men synes 
i nagon man hava devierats av det sistniimnda, si att utmed dettas 
_ griinszon aven NO-—SV-liga strykningsriktningar férekomma. 
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Isavsmiltningen inom Bergslagen. 
Av 


G. LunpevIist. 


(Manuskr. inkommet 1°/3 1935.) 


Grundlaggande fér var uppfattning om de kvartirgeologiska pro- 

cesser som agde rum 1 samband med landisens avsmiltning, ar det 
satt, varpa denna avsmaltning skedde. De fakta vi Aga om ett is- 
tackes avsmialtning tala fdr, att denna sker timligen likformigt 
fran hela isytan (ablationsvarden: Rasot, 1900, 2—13 em pr dygn, 
> 2m pr ar, Tarr, 1909, > 10 cm pr dag, v. DrycGatsxi, 1897, 30— 
40 cm pr dygn), under férutsaittning att samma klimatforhallan- 
den rada inom hela omradet (AnuMANN, 1933). Detta galler for 
-en landis i supramarint lage. Utmynnar isen i havet blir istic- 
kets férsvinnande ett resultat av avsmialtning, vattnets lyftkraft 
samt ismassans tyngd (v. DryGausxi, 1897). I submarint lage ut- 
bildas darf6r under vissa omstindigheter en isfront, vars form 
(kalvningsbukt eller motsatsen) betingas av isens miktighet och 
djupforhallandena. J supramarint lage saknas isbracka. En foéljd 
av dessa premisser, Ar Aven, att de hégsta delarna av ett landom- 
rade smalta fram foérst, medan dalarna kunna vara isfyllda rela- 
tivt lange. Dessa tankegangar aro icke nya; jag hianvisar till 
AntEvs arbete »The Last Glaciation» med dess litteratur. Dar- 
emot iro konsekvenserna av det fdregaende forvanansviart litet 
beaktade och bearbetade (jfr dock Fréprn, 1915).* 

Vid behandlingen av en del senglaciala problem inom Bergsla- 
gen och dess randomraden har jag funnit, att man icke kan fodrbise 
sattet for istickets forsvinnande. En kort resumé av min uppfatt- 

ning hirom ma preliminart lamnas. 


1 Nar mitt manuskript férelag fardigt faste K. E. SanpstROmM min uppmiark- 
samhet pi Frinr (1930). De idéer och synpunkter som dar framlaggas dverensstamma 
nastan helt med de, till vilka jag letts fram under mina arbeten i Bergslagen. FLInt 
synes dock underskatta den stora skillnaden pa avsmaltning i supramarint och sub- 
marint lage. Ytterligare en principiell skillnad i vara 4sikter ar, att Fuinv anser, 
att isen férlorade sin rérelseférmiga, nir den nadde gransen fér sin utbredning. 
Jag anser, att rérelsen fortsatte, tills niromradena smalt fram. D4 férst var isen déd. 
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Premissen for hela resonemanget ir gradienten fér isytans lut- 
ning. Fran de recenta isarna kanner man ganska manga varden 
darpa; av dessa iiro dock endast de minsta av intresse har. Fran 
Grénland féreligga manga uppgifter pa i genomsnitt 1 : 500—650. 
Visserligen har iskanten dar icke flyttat sig nimnvirt pa de sista 
1.000 aren (Hammer, 1921, jfr dock Perrersson, 1913), men da isen 
annu féreter nagon rérelse Atminstone inom vissa omraden, torde > 
detta varde snarare vara for hogt ain for lagt. Och fér det fél- 
jande ar det sikrare att vialja ett nagot for hégt varde. Jag har 
forséksvis anvant 1:550 som varde pa den allminna lutningen. 
Mot de distala kanterna blir vardet stérre, fran vissa delar av Groén- 
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Fig. 1. Profil fran norra Dalarna till Kopparbergstrakten. Den ar lagd i isrérelse- 
riktningen och reducerad till M. G.-tidens hdéjdférhallanden. Profilen utvisar, att, 


med den hair antagna lutningen och miaktigheten 4 istiicket, ismassan i stort sett 
maste vara déd. 


land t. ex. 1:c:a 50 (Mertnarpus 1934). Detta virde giller dock 
endast en relativt smal zon utmed iskanten och limnas dirfér pre- 
liminart ur rakningen. 

Det omrade som nirmast intresserar mig ir Bergslagen kring 
Ludvika—Kopparberg—Malingsbo—Smedjebacken. Och det ar ifran 
detta vi utga. Jag har lagt en héjdprofil genom detta omrade i den 
allmiinna isrérelseriktningen in mot nedisningsomradet, alltsi upp 
genom norra Dalarna. Denna profil har sedan omkonstruerats med 
hansyn till M. G. men utan hinsyn savil till, att denna ir oliktidig: 
som till jordytans krékning (fig. 1). Dessa faktorer torde dock icke 
spela nagon avgérande roll, di man ror sig med sa pass schema- 
tiska viirden (och kartframstillningar) som hir gjorts. P& denna 
profil har isytan 1:550 inlagts vid det skede, da isticket i Vis- 
mansinkan var c:a 100 m miktigt. 

Profilen visar omedelbart, att héjderna kring Viasman d& voro 
isfria. Men den visar aiven nagot mycket viktigare, nimligen att 
aven héjderna i norra Dalarna samtidigt béra ha legat blottade. 
Och den omedelbara konsekvensen diirav ir, att da isticket i Viis- 
mansinkan var c:a 100 m miaktigt, bor isrérelsen i huvudsak helt 
ha avstannat. Det bor dock har erinras om, vad jag inledningsvis 
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sade om sambandet mellan klimatférhallanden och avsmiltning. 
Man kan sikerligen vaga antagandet, att vissa olikheter i detta 
hanseende radde inom profilomradet. Inom norra Dalarna, alltsa 
narmare mitten av den stora iskalotten, torde nimligen Atminstone 
innan topparna smalt fram, molnigheten varit betydligt mindre och 
luftens torrhet stérre (Nansen 1890) an mot randomradena i S. 
Har lag havet (Vanerbassingen och Ostersjébaickenet) intill eller 
nara. Molnigheten torde av detta skal ha varit stérre dir. Av- 
dunstningen bér darfér ha varit mycket stérre inom omradets 
norra delar, medan daremot ablationen i sin helhet pa grund av 
luftfuktighet, avrinning etc. varit stérst i S (jfr iven AHLMANN 
1933 )% 

Fragan blir nu narmast: hur tedde sig férhallandena utanfor 
sjalva profilstraket? Utgaende fran isytans gradient och den all- 
manna isrérelseriktningen ger konstruktionen ett isticke av den 
utbredning som fig. 2 visar. Kartbilden ar 6verraskande och torde 
medfora en del ratt omfattande konsekvenser. 

Jag borjar med vart utgangsomrade i Bergslagen. JKartbilden 
visar att hela omradet sydvist om en NV—SO-lig diagonal genom 
de antydda 4 kartbladen var isfritt, medan isen var relativt mak- 
tig, ofta > 100 m i den 6vriga delen av omradet. Detta fodrkla- 
rar, varfor M. G. ligger allt hégre inom dalstraken mot V. Och 
annu storre blir denna M.G:s héjddifferens mellan Kopparbergs- 
och Grythyttedalarna. 

Hur forhallandena tedde sig langre ini Varmland ar mycket svart 
att saga. Aven har lago naimligen stora omraden under den tankta 
isytan. Men a andra sidan var hela tillrinningsomradet isfritt sedan 
lange. Fragans lésning hanger till stor del pa istackets utbredning 
pa norska sidan gransen. Rafflorna antyda dock rérelse mot SSV, 
alltsa ned mot Oslofjorden. Det troligaste ar darfér, att iskakan 
inom Varmland relativt tidigt isolerades. Och darmed torde foérut- 
sittningen foér en Annu hastigare avsmiltning ha dkats. Till forman 
for denna asikt talar M. G.-vardet 205 m i Charlottenbergsstraket. 
Detta ar det bredaste av straken och borde darfér ha bibehallit sam- 
bandet med vistra iskakan langst. Det foregaende utesluter dock icke 
mojligheten, att dédisar kvarlegat relativt linge dels inom vissa stérre 
flacka och dels inom djupare omraden. Férutsattningar harfoér fin- 
nas t. ex. omkring Torsby, S. Finnskoga m. fl. platser. I konsekvens 
med féregaende resonemang skulle méjligen en isstrimma kvarlegat 
N om Vanern inom omradet mellan det hégre, dar blottlaggningen 
skett tidigare och det, dir vattnets lyftkraft m. m. gjort sig gillan- 
de. Men sannolikt har nagon sadan isrest ej] kvarlegat utan isav- 
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smaltningen har aven har skett hastigare in man hittills tainkt sig. 
Denna slutsats grundar jag pa férefintligheten av vackra andmorin- 
serier inom kartbladet Nyed (Maanusson, 1929, fig. 15). Denna dnd- 


Fig. 2. Istaéckets utbredning enligt konstruktionen i fig. 1, Lokalt kunna dock is- 

rester ha kvarlegat lingre; nagra forslag ha utritats i norra Varmland och angran- 

sande trakter av Dalarna. Skillnaden mellan Dalarnas och Varmlands avisning vid 

det Askadliggjorda tidsavsnittet ar éverraskande stor. Skuggzonen markerar grinsen 
for det i figuren behandlade omradet. 


moranserie férutsitter narvaron av en levande is och maste darfér 
ha bildats innan férbindelsen med isen pa héjdomradet norrut av- 
brutits. Detta omride var proximalt i isrorelseriktningen ett langt 
dalstrak, som kan féljas ainda upp till vaister om Malung. Denna 
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ismassa torde ha varit tillracklig fdr att utbilda andmoranerna. Men 
pa grund av de allmanna héjdforhallandena har och inom omradet 
norrut maste vid den avsmaltningsmekanik, fran vilken vi utgatt, det- 
ta isticke ha varit relativt maktigt. Diarfér uppstar fragan, hur vi 
skola fa bort detta successivt utan att bryta mot de tidigare premis- 
serna om ytavsmiltningen. Darfér erfordras nimligen har ett stdrre 
vattendjup (jfr dock v. Drycausxr, 1897) fin den vanligen antagna 
M.G. méjliggér. Mahinda ligger forklaringen i de d& och d& upp- 
dykande uppgifterna om abnormt héga M. G.-varden inom dessa trak- 
ter (GRANLUND, 1928, von Post, 1929). Denna M. G. maste da vara 
betydligt aldre an M.'G. inom det férut behandlade Bergslagsomra- 
det bade pa grund av héjdlaget och pa grund av omradenas oliktidiga 
blottlaggning. Det forsta forhallandet ar ju en féljd av det senare. 
Orsaken, till att sadana tidigare strandlinjer sa sallan antraiffas, kan 
vara att packisen hindrat deras utbildning (Hécsom, 1901). 

Norr om det asyftade Bergslagsomradet strackte sig.en mera sam- 
manhangande landis langt upp i Dalalvens dalgangar liksom Aven i 
de é6vriga Norrlandsalvarnas dalstrak. Inom Siljansbickenet var 
isen nu c:a 200 m maktig, 1 Amungen c:a 175 m, i Runn esa 
150 m och i Vasman, som var utgangslokalen, 100 m. Mot O och NO 
nadde allt farre toppar 6ver istacket. 

En annan foéljd av det betraktelsesétt, som har anlagts, ir, 
att da isen avsmalt nagot mer an vad kartbilden visar, blev Vaster- 
dalalvens dalgang fri. Omradet ar ju é6ppet mot S men maste 1 stil- 
let ha dimts dar av den stora sammanhangande iskroppen SV om Sil- 
jan. De finkorniga sediment, mjala etc., som antraffas sa langt upp 
vid Vasterdalalven som i Malung, alltsa hogt éver M.G., fa salunda 
sin naturliga forklaring som issjésediment. Utnyttjas denna erfa- 
renhet férsta vi, att manga andra mot S éppna dalstrak kunna ha in- 
tagits av issjoar. I detta sammanhang ma erinras om fyndet av lera 
i sdderlige c:a 300 m 6. h. vid Kullen NV om Grangirde (Lunpevist, 
1938, sid. 112). Det far harigenom en bittre forklaring ain om leran 
helt enkelt antages vara avsatt i en nunataksjé (lera kan dock ayv- 
sittas i vattensamlingar pa isen, Tarr, 1909 a). Nunataksjéar s. str. 
tror jag nimligen ha varit synnerligen sillsynta foreteelser och annu 
mera sdllan torde de ha utbildat varaktiga strandlinjer.*. Franvaron 
av sadana kan icke skyllas pa jordflytning, ty patagliga miarken 
darefter (jfr Anrevs, 1932) finner man ej i Bergslagen. Siakerligen 
beror férhallandet pa att klimatet lade hinder i vagen fér en jordflyt- 
ning. 


1 Darmed ar naturligtvis intet sagt om den storartade omfattning, som dranering 
av isdimda sjéar kan na; jfr Kerr, 1932. 
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Den niirmaste fragan blir nu: hur langt strickte sig detta konstrue- 
rade istiicke mot S? Som kartbilden visar hade havet fritt tilltrade 
fran V och S. Iskantens sédra begrinsning bestamdes darfér av lyft- 
kraften. Med hir antagna ismiktighet och vattendjup fick denna 
évertaget strax N om Milaren inom den zon som f. n. ligger 15—20 m 
6. h. eller nagot mer (jfr v. DryGaLsk, 1897). Darutanfér vidtog allt- 
sa kalvisen. 

I éster f4 vi andra férhallanden. Istaicket sammanhiangde dar in- 
nu med Bottenhavets ismassa. Men nar isfaltet avsmalt nagot mera, 
bricktes detsamma hiar inom en zon som lag nagonstides mellan 
hégsta och ungefir nuvarande kustlinjen. Det bildades salunda dir 
ett strak utan fast isticke. Denna zon var naturligtvis forst ganska 
smal, vilket antydes av, att de aldre och yngre raffelsystemen 1 vastra 
Uppland mjukt éverga i varandra. Och detta 1 sin tur anger, att 
den bottniska isstr6mmen fanns redan innan Dalarnas is intratt 1 déd- 
isstadiet. Isen kvarlag emellertid i Bottenhavet (Hécpom, 1892) och 
da detta isticke sannolikt ej férlorat sambandet med den stora is- 
kroppen i N hade det Annu rérelseméjlighet, atminstone tidvis. Den- 
na var visserligen relativt svag, men da intet mottryck fanns3 V dar 
niromrade saknades, kunde Bottenhavets ismassa transgrediera Over 
kustbaltet. Det var da &Andmorinerna i Giavletrakten utbildades 
(SANDEGREN, 1929). 

Denna isens nya rérelseriktning sparas dels i dessa (och sydligare) 
indmoriner, dels i rafflorna. Men férmodligen ha vi ytterligare ett 
stéd, nimligen i jordartstyperna. Héapom, 1892, har fist uppmiark- 
samheten pa lerornas kemiska karaktir i olika delar av Uppland. Ge- 
nom hans behandling av materialet utsuddas en del detaljer. Utan 
sadan behandling visa analyserna, att férdelningen av kaleiumkarbo- 
natet ir som fig. 8 visar. I stort sett avtager procenthalten mot §, 
men utmed ett par strak visar den férnyad, tillfallig héjning. Dessa 
linjer, vilka jag antytt a kartan, ansluta sig till Gavletraktens yngre 
iindmoriner och de yngre rafflorna. Orsaken till ékningen synes 
mig vara, att isbrackan vid dessa linjer legat stilla langre, sa att 
en stérre mingd kambrosilurmaterial kunnat utforas av smiltvattens- 
ilvarna. Diarfor talar fiven, att min norra linje pekar rakt pa Ar- 
sundaasen, vilken avlastades framfér den yngre iskanten under ett 
stillestand (SanpEGREN, 1934, fig. 19). De namnda férhallandena an- 
tyda salunda, att dessa slammingder avsatts framfér en iskant och 
icke fro utslammade langa straickor utan direkt samband med ett 
israndslige. Men da isen under vissa tidsavsnitt kunnat fora fram 
en dkad mingd material maste den tillhért en levande iskropp, fiven 
om icke strémningarna i densamma varit pafallande starka. 
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Fig. 3. Kalkhalten inom omradets mirglar och leror enligt de geologiska kartblads- 
beskrivningarna (6ppna cirklar <1 %). Inga 4ldre rafflor ha utritats inom omraden, 
dar aven de yngre finnas; vastra grinsen fdr de senare markeras avy den brutna 
linjen; andmoraner finnas dock aven V om denna grins (Sandegren, 1934 och munt- 
ligen). Skillnaden i kalkhalten & émse sidor de bada linjerna i VNV—OSO anser 
jag ha fororsakats ay, att isfronten dar varit stationdr under nfgon tid, s& att nytt 
material frammatats. Isrérelsen hade saélunda annu ej upphért inom Bottenhavet 
men val i Dalarna. 
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Mellan denna nyssnimnda yngre isstrém och isens vistra huvud- 
massa forefanns som sagt en isfri zon, som méjliggjorde istransgres- 
sionen fran Bottenhavet. Den var i bérjan helt obetydlig, men sam- 
tidigt med istiickets avtunnande bricktes dess kant upp. Isens 
forsvinnande fran Dalarnas djupare omraden paskyndades diarige- 
nom. I vilken takt ir dock innu ej méjligt att bestimma. 

Den i det féregiende diskuterade kartbilden (fig. 2) ar, som in- 
ledningsvis understréks en ren konstruktion. Det ar darfor ingalunda 
min tanke, att den annat fn i sina huvuddrag agt en ungefarlig mot- 
svarighet i naturen. De skillnader mellan de verkliga och de rekon- 
struerade férhallanden, som med sikerhet ratt, bero forst pa de yt- 
tersta randomradenas vixlande utbildning. Fraimst hirleder sig den- 
na av, att randen, som redan anférts, ager starkare lutning fn det 
sammanhingande istiicket. Darfér maste den verkliga isutbred- 
ning, som svarar mot en viss allman niva, vara mindre fn 
denna sistnimndas avskirning med fastmarken anger. Beloppet ar 
dock mycket svart att faststailla. Delvis betingas detta dirav, att 
ju tunnare isticket ar, dess kansligare bor det reagera for yttre 
»averkan» i form av tillfalliga sm& och lokala klimatforaindringar 
och topografiska nyanser. 

Salunda dr det t. ex. sannolikt, att isen lag proportionsvis langre 
kvar pa djupa och skuggiga dalbottnar (jfr Henry, 1895). Trots 
dessa — bland andra — nu nimnda variationsméjligheter torde dock 
kartbilden kunna tjina som en arbetshypotes. 

Redan nu kan man av filtobservationer saga, att kartbilden i en 
del detaljer maste vara felaktig. Och just dessa fel ge oss utgangs- 
punkter for vidare arbete. De fenomen, med vilkas tillhjailp man i 
falt kan rekonstruera ett supramarint isticke, iro lateralterrasser och 
erosionsdalar (samt i vissa fall randterrasser i olika utbildnings- 
form). De sistnimnda ha forr ventilerats tillrickligt, varfér jag 
kan limna dem Asido tillsvidare. 

Lateralterrasserna fro isilvsavlagringar avsatta mellan fastmar- 
ken och den mer eller mindre brant uppstigande iskanten. Deras 
niva anger salunda det motsvarande istickets miniminiva. Tyvarr 
iiga dessa lateralterrasser sillan, Atminstone inom mitt arbetsomri- 
de, sa stor utstriickning, att nagra sammanhingande ytor kunna 
uppdragas med tillhjalp diray. 

Den andra féreteelsen, erosionsrinnorna, som diskuterats av FR6- 
pin, 1925, ha enligt min mening Atminstone i de flesta fall utsku- 
rits av smiltvattensilvar mellan iskanten och fastmarken. Enligt 
v. Engenn, 1912, férutsitta de aven en kort och hastig isframryck- 
ning och sadana ha iiven pavisats inom omradet (Lunpevist, 1938). 
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Daljornas djup uppgar till 8—10 m. Héjdskillnaden mellan deras 
hégsta och lagsta delar férutsatter en betydligt starkare lutning pA 
isens distalbrant an vi forut antagit. Som exempel vill jag hinvisa 
till nagra daljgrupper pa bl. Malingsbo, belagna i skilda dalstrak 
och pa en c:a O—V-lig linje. Vardena iiro: vid Langens + 260— 
+ 210 m, NV om Haraldsjon + 260—+ 250 m, O om Ovre Sand- 
sjon + 260—+ 215 m och vid Stora Braten (bl. Nya Kopparber- 
get) + 260—+ 190 m. Siffrorna aro uttagna efter héjdkartan i 
1:50 000 och naturligtvis endast approximativa. Men dverensstiim- 
melsen i dessa dalars utgangsniva, + 260 m, ar mirklig, ehuru den 
kanske ar en tillfallighet. For att belysa daljornas bildningsbetin- 
gelser granska vi laget. Bortsett fran de sma daljorna NV om 
Haraldsjén ligga de évriga pa O-sidan av dalstraken och strax S 
om deras passomraden, dar stupningen mot S ékar. Tidigare har 
jag uttalat den uppfattningen, att detta lage antyder, att daljornas 
utbildning paverkats av lokalklimatet. Henry, 1895, har salunda 
papekat, att isen pa skuggsidorna ligger hégre och ar starkare bru- 
ten. Pa solsidan ar ytan jamn, skarpt avskuren vid fastmarken, 
invid vilken en smialtvattenélv rinner fram. Detta bestyrker min 
uppfattning, att orsaken till, att daljorna oftast ligga pa dalarnas 
ostsidor ar den, att morgondimmorna géra, att solen om morgnarna 
inverkar mindre An middags- och eftermiddagssolen. Avsmaltning 
och avrinning bli darfér kraftigast pa denna sida. I konsekvens 
dairmed finner man i stort sett ofta sedimenten vid éstra eller norra 
dalsidorna; vid de vastra ir moranen ofta starkare smakuperad och 
storblockig (sprickfyllnader). 

En sak som férvanat mig i samband med dessa daljors tolkning 
ar: var har det material som forts ut ur daljorna avlagrats? Det 
finnes ingen proportion mellan dessa daljor och kvantiteten av det 
material som antraffats i anslutning till dem. Férklaringen torde 
vara denna: dédis fyllde dalen S om dessa dialjgrupper, och pa den- 
na iskaka kunde materialet med latthet spolas i vag langa stric- 
kor. I vissa fall kunna emellertid héjdernas sydsluttningar ha va- 
rit isfria fven om is kvarlegat S da’rom. Detta bestyrkes av, att 
man ofta finner sadana sluttningar starkt vatteneroderade och utan 
sediment nedtill: Men miarkligt nog saknas motsvarande fenomen 
pa N-sluttningarna. Detta ar orsaken till, att jag betraktar feno- 
menet som en insolationsféreteelse. 

Exempel pa en lokal dar bade lateralterrass och erosionsdalar f6- 
rekomma finnes vid Ljungasen N om N. Hoérken pa bl. Granges- 
berg (fig. 4). Kartbilden ar sammanstilld efter de topografiska 
och geologiska bladen, bada uppmatta i 1: 50000 och med inlagda 
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33-m:s kurvor efter Kartverkets héjdkartkoncept. Tyvarr kan ej 
omradet N om detta medtagas, da topografen, som utfért det di- 
striktet, ej utritat diljorna. Bilden ar naturligtvis ganska schema- 
tisk, men ger dock en god uppfattning om, huru bade terrassen och 
daljornas utgangsnivaer sjunka mot N. I detta fall tanker jag mig, 
att diljorna uteroderats invid en avsmiltande iskant. Men da forst 
vid Hérken endast obetydliga sediment (isilvsavlagringarna ha to- 
pografisk anslutning till ett dalstrak 4t NV) férefinnas, maste 


Fig. 4. Stereogram éver trakten N om N. Hérken (prickkonturen) belysande daljornas 
(helsvarta) och lateralterrassens (prickad) bildningsmiljé. Starkaste sprickbildningen 
pa skuggsidan. Overhéjning 5 x. 


praktiskt taget hela dalbottnen (och Hérken?) varit isfylld, da 
diljorna utskuros. 

En &n mera markant bild av iskantens form ge dialjorna O om 
Persbo pa bl. Smedjebacken. Dir finnes dock ingen lateralterrass 
1 omedelbar anslutning till dem. 

Omnimnandet av dessa diljsystem avser endast att belysa siittet 
for detaljgranskningen av iskantens utbildning. Ett nairmare in- 
gaende pa fragan uppskjuter jag tillsvidare. 

Slutligen ma en hastig aterblick ges pa har lamnade uppfattning 
om istiickets avsmiltning. Den viktigaste konsekvensen dirav ir, 
att det radde en vasentlig skillnad i fraga om isens férsvinnande till 
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saval tid som sitt N om Vanerbassingen och i Dalarna. Visserligen 
skedde pa bada stillena avsmiltningen som vanligt framst fran 
ytan. Men isen i Varmland blev tidigare avsnérd fran naromradet. 
Da var det senglaciala havets djup avsevirt stérre vid iskanten, 
som darfér hastigare kunde brytas upp. 

Vad talar nu fér uppfattningen, att Dalarna under samma tid 
skulle ha intagits av en jattelik dédis? Framst tva fenomen: raff- 
lor och morainer. Om isen féretett rérelse under hela avsmialtnings- 
tiden maste raffelriktningarna inom hela omradet visa inverkan ay 
topografien. Nu finner man det méjligen lagst ned i dalbottnarna. 
Svart torde dock vara att avgéra, om dessa sista rifflor avsatts vid 
forsta framryckningen eller under avsmiltningen. 

I god samklang med dessa rafflornas vittnesbérd star aven den 
omstiandigheten, att andmoraner synas saknas sa gott som fullstin- 
digt inom hela det supramarina omradet. Fran Harjedalen och 
gransen mot Dalarna har visserligen ett vackert morainomrade be- 
skrivits av Froép1n, 1925, och TrEmine, 1928, och av bada tolkats 
som 4ndmoranlandskap. Av flera skal (t. ex. nivaférhallanden och 
narhet till isdelaren; jfr aven DE QuERvaAIN, 1919) torde det dock 
vara fraga om dédismoraner, vilka kunna bli mycket lika Andmo- 
raner (Russev, 1897, Tarr, 1909). Ryggarna forefalla visserligen 
ganska stora, och vi kunna ej bevisa, huruvida iskroppens morin- 
halt médjliggjort en sa stor anhopning enbart genom ablation. En 
uppfattning om isarnas moranhalt och ett stéd fér ovanstaende 
tolkning ge dock Kocu och WecEnErRS (1917) 8 m och Tarrs (1909a) 
5 m. Omradet 6vergar emellertid mot S i typiska dédismoriner, som 
jag delvis sett sjalv. Denna landskapstyp, som visserligen har sin 
vackraste utbildning inom omraden nirmast isdelaren, kan sedan 
féljas ned genom hela Dalarna, ehuru av allt mindre utbredning. 
Till en del sammanhianger detta med, att topografien dar andrar typ. 
For att belysa detta férhallande hanvisas till fig. 5. Jag har dar 
utom dédismorin och sma drumlins urskilt tva topografiska huvud- 
former: de flacka och de mera brutna eller lutande omradena. I 
stort sett avta de forra mot S, varest dalarna tringas samman eller 
— dar sa icke ar fallet — intagas av vidstrickta sediment déljande 
moranens ytformer. Redan av dessa orsaker kan man icke vinta sa 
stora arealer med dédismorin. Men bidragande ar méjligen ocksa, 
att de smala dalstraken i regel ha battre avrinningsmdjligheter in 
de stora flacka. Med det féregaende har naturligtvis icke direkt 
férnekats méjligheten, att nagon enstaka andmorin kan antriffas. 
Salunda har jag 1933 fran trakten S om Grangirde naimnt nagra 
sadana (aven supramarina) men betraktar dem som ganska su- 
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spekta andmoriner. Det ma dock i detta sammanhang principiellt 
anféras, att, aven om isen i sin helhet var avskuren fran det stora 
niromradet, alltsi i stort sett déd, mindre partier dock i brant ter- 


kort Smakuperade 

omraden och dalar 
Storkuperade 
omraden 


50 km 
| 


Fig. 5. Dédismoriner férekomma inom hela omradet men dro sirskilt knutna till 

de breda och flacka omridena. Mot SO intagas dock dessa ofta av sediment, vilka 

délja morinens ytformer. Mark, att dédismordnerna ofta icke n& ainda fram ‘till de 
hégre omradena utan halla sig till dalbottnarna. 


ring kunnat verka som lokalglaciirer. Detta andrar dock ej min 
uppfattning, att franvaron av supramarina eller supralakustrina ind- 
moraner bevisa, att isen dar mycket tidigt férlorat sin rérelsefér- 
maga. 
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Fenomen som kunna sigas tala emot dédisuppfattningen iro rull- 
stensasarna, ehuru Tarr, 1909, anser, att sadana isar befordra As- 
bildningen. Jag kan dock icke underlata att papeka foljande. Om 
en stérre ismassa med markerad isfront legat bakom (norr om) 
isilvsavlagringarna skulle dessa i supramarint lige visa oerhérda 
- erosionsmirken. Salunda skulle t. ex. smaltvattenmassorna i stra- 
ket Bjérsjé—Malingsbosjén i sadant fall oméjliggjort, att isilvsav- 
lagringarna dir kunnat bibehalla sina primiira former. Att har 
vidare inga pa det vidlyftiga asproblemet ir icke méjligt. TANNERS 
(t. ex. 1934) omfattande undersékningar ha nimligen visat, att 
asar kunna bildas pa ganska olika siatt, och sairskilt komplicerade 
bhi férhallandena i supramarint lage. I vilket fall som helst ir den 
ismassa, 1 samband med vilken asarna avlagrats sa pass stor, att den 
gott kunnat leverera tillrackliga vattenmangder och ofta iven ett 
avsevart hydrostatiskt tryck. Det bér i detta samband namnas, att 
asmaterialet har vanligtvis 4r mycket daligt sorterat och att skikt- 
ning ofta saknas. Enda sattet att granska sambandet mellan As- 
problemet och isavsmiltningen som den hir skisserats, synes mig 
vara att diskutera as efter as. 

Foér lésningen av fragan om kustlandets avisning och den yngre 
isro6relse, som kan sparas inom vissa delar av kusten synes dédisupp- 
fattningen snarast vara till en god hjalp. 

Asikten att landets hégsta delar redan tidigt blivit blottlagda 
och férorsakat, att stora omraden lingre ned intagits av dédisar 
har, som av det féregaende framgar, manga stéd 1 erfarenheten. 
Den synes mig darfér vara en viktig arbetshypotes, naturligtvis 
giltig aven for andra an de har behandlade omradena, t. ex. Sma- 
landska héglandet. Eni princip riktig bild fran avsmaltningstidens 
Sydsverige skulle salunda visa Smaland isfritt och Ostersjin till 
stor del isfylld. 

I samband med dessa fragor vill jag Aven draga ut konsekvenserna 
till.en féreteelse i Norrland. Enligt det vanliga betraktelsesattet lag 
isdelaren férst invid hégfjillen men férskéts sedan mot O. Detta 
var — férsiktigt uttryckt — Atminstone till en del betingat av kli- 
matférhallandena (nederbord, rimfrostbildning etc.). Samtidigt 
med denna forskjutning dkade isens maktighet. Fér min del for- 
modar jag, att isdelarens férskjutning mot O fortsatte aven under 
avsmaltningstiden, ehuru relativt obetydligt. Férloppet skulle dar- 
for komma att motsvara den framstillning Linén, 1913, givit a sin 
tavla 6. Vid avsmaltningen blevo naturligtvis fjallen férst blott- 
lagda. Enligt gingse uppfattning kvarlag linge en iskaka 1 nar- 
heten av den éstra isdelaren och damde flodsystemen, tills den s. k. 
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bipartionen, allts& den centraljamtska issjéns tappning, intraffade. 
Om det var i Indalsilvens (DE Grrr, 1911) eller Ljungans (FR6- 
pin, 1925) floddal, som vattnet férst brét ut mot O, lamnar jag dock 
dirhin. Men enligt den pa erfarenheter grundade avsmiltnings- 
mekanik jag hir utgatt ifran, maste istacket redan vid denna »bi- 
partition» ha varit starkt uppdelat och dimmande isrester kvar- 
legat i stort sett endast 1 dalbottnarna. 
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Balen-See-Studien 


des Geologischen Instituts der Stockolms Hégskola. 


1 


Der Balen-See und die Balen-See-Studien. 
Von 


LENNART von Post. 


(Manuskr. eingegangen °7/s 1935.) 

Im Herbstsemester 1933 — 15. Sept. bis 15. Dez. — wurde von 
dem Komitee zur Befoérderung der kulturellen 
baltischen Zusammenarbeit - Vorsitzender Reichs- 
antiquar Prof. Dr. Sigurp CurmMaNn — ein »Baltischer Kursus» fiir 
Quartirgeologie veranstaltet. Der Kursus war an das Geologische 
Institut der Universitit Stockholm (Stockholms Hégskola) verlegt, 
und als Gaste nahmen die folgenden Herren daran teil: Magister Gun- 
NAR BranveEr, Helsingfors, Dr. Knut Fareri, Bergen, Privatdozent 
Pavuts GALENIEKS, Riga, Privatdozent Hsa Hyyppad, Helsingfors, 
Mag. scient. JOHANNES IvERSEN, Kopenhagen, Dr. Kart Orviku, 
Tartu, Dr. Gesnovas PaxucKkas, Kaunas, und Hr. Mréys Zemattts, 
Kaunas. 

Hauptpunkte des Programmes bildeten selbstverstindlich u. a. die 
Pollenanalyse und ihre Verwendung im Dienste der stratigraphischen 
und palaiogeographischen Quartirgeologie. Um aus unserer Arbeit 
das Méglichste von sachlichem Inhalt zu gewinnen, gab ich den U- 
bungen die Form der systematischen Zergliederung einer geeigneten 
Lokalitiét. Zufilligerweise hatte ich kurz vorher im Ufermoor des 
kleinen Sees Balen in Sédermanland Trapa-Friichte, Kieselgur u. dgl. 
in einer Lagerverbindung beobachtet, die mir nicht ganz alltaglich 
vorkam. Deshalb leitete ich den Kursus mit einer Exkursion zum 
Balen-See ein, wiihrend welcher wir zusammen ein Linienprofil durch 
das Ufermoor aufnahmen und Probenserien zur Pollenanalyse, Dia- 
tomeenanalyse usw. zwecks Befestigung und Chronologisierung des 
Entwicklungsverlaufs sammelten. 


Babin Hh. 2, | BALEN-SEE-STUDIEN. 303 


Beim nachfolgenden Durcharbeiten des Balen-See-Materials im La- 
boratorium, das fast die ganze Zeit des Baltischen Kursus in Anspruch 
nahm, ergaben sich Verhiiltnisse, die nicht nur den Erwartungen be- 
treffs des Balen-Sees als eines lehrreichen Ubungsstoffes véllig ent- 
sprachen, sondern auch den kleinen Tiimpel und seine Ufermoore als 
eine Lokalitaét von héchstem wissenschaftlichem Interesse entlarvten. 
Dies wurde noch weiter bestiatigt durch die Arbeiten — im Felde und 
im Laboratortum — von den Stockholmer Studenten und den dies- 
maligen Giisten unseres Instituts, den Herren Dr. Leo Aarto, Ta- 
vastehus, Wil. Mag. Ertk Monrén, Lund, und Forstkandidat AsBJORN 
OrpiING, Aas, im Herbste 1934. Nunmehr ist es zweifellos, dass eine 
erschopfende Klarstellung der Entwicklungsgeschichte des Balen-Sees 
eine erhebliche Verschirfung unseres Wissens auf dem Gebiete der 
geologischen Moorkunde und der vorzeitlichen Klimaforschung, ja 
sogar die Lésung gewisser diesbeziiglicher Hauptprobleme bringen 
wiirde. 

Die monographische Erforschung des Balen-Sees wird aber nicht 
als eine einheitliche Untersuchung durchgefiihrt werden. Es liegt mir 
viel daran, die Hrfahrungen, die dieser Arbeit zu entnehmen sind, 
meinen jetzigen und kiinftigen Schiilern zugute kommen zu lassen. 
Deswegen werden unsere Balen-See-Studien ihre bisherige Form von 
kiirzeren, gelegentlichen Exkursionen mit nachfolgender Bearbeitung 
des bei jeder Gelegenheit gesammelten Materials beibehalten. In dieser 
Weise wird auch die Aufnahme der Stratigraphie um so griindlicher 
durchgefiihrt werden kénnen, und wir werden schliesslich die Még- 
lichkeit erhalten, die Lagerfolge und den Entwicklungsverlauf stereo- 
graphisch darstellen zu konnen. Mehrere der Detailergebnisse, die 
schon herausgekommen sind, haben sich aber als zur freistehenden 
Veréffentlichung geeignet erwiesen. Derartige Spezialaufgaben wer- 
den verschiedenen Teilnehmern der fortlaufenden Untersuchung an- 
vertraut werden, um unter ihren Namen in dieser Zeitschrift als »B a- 
len-See-Studiem zu erscheinen. Da nun die ersten dieser 
Spezialmitteilungen vorliegen, mdchte ich hier als eine Hinfiihrung in 
die Balen-See-Geologie eine kurze Ubersicht unseres Arbeitsfeldes 
geben. 


Die Lage, die Schichtenfolge und das Pollen- 
diagramm des Balen-Beckens. 


Der See Balen liegt im Herzen des westlichen Teiles der Land- 
schaft Sddermanland, unweit der Hisenbahnstation Vingaker, und 
zwar am Fusse des Hohenzuges, der die Vingaker-Ebene nach Norden 
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Fig. 1. Das Niederschlagsgebiet des Balen-Sees (schraffiert). Héhenkurven 
mit 10 m Aquidistanz, nach oben zu immer gréber gezogen. Von Sten FLORIN nach 
dem topographischen Konzeptblatt im Massstabe 1:50 000. 


zu begrenzt (s. Karte, Fig. 1). Wie aus der Karte zu ersehen, ist der 
See nur etwa 500 m lang, auf 37 m Meereshdhe gelegen, dicht an der 
Miindung eines Liingstales, das in der Hauptrichtung der Anhéhe 
lauft. Dieses Tal bildet beinahe allein das sich in das Balen-See-Becken 
entwassernde Niederschlagsgebiet und ist durch eine Reihe von 
Bergen, die bis 80—90 m emporragen, von der Ebene getrennt. An 
den noch offenen Balen-See schliessen sich einige nunmehr zuge- 
wachsene Teile des Seebeckens an, von denen der grésste, im NW. 
von dem Hauptzufluss des Sees durchstrémt wird. Der See selbst 
fliesst durch ein Bachlein zum See Kolsnaren in der Vingaker-Ebene ab. 

Fig. 2 zeigt ein Querprofil durch die Entwisserungsrinne des Balen- 
Sees, dicht bei ihrem Austritt (aufgenommen von Sten FLorin wihrend 
der Exkursion 1933). Die Rinne, die sich in Morine und glazifluvialen 
Kies hineingeschnitten hat und an dieser Stelle insgesamt nur etwa 
20 m breit ist, ist in neuerer Zeit kiinstlich vertieft. Der Querschnitt 
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Fig. 2. Ein Querschnitt durch die Abflussrinne des B&alen-Sees. Schwarz = 
Wasser am 28. Sept. 1934. Dariiber zwei alteren Hochwasserniveaus. Von STEN 
FLORIN vermessen. 


weist aber zwei Terrassenstufen auf, von denen die untere, in 38 m 
Meereshohe gelegen, die natiirliche Wasserhéhe des Sees vor der Absen- 
kung anzugeben scheint und die obere, in 39 m Hoéhe, ein Alteres, 
wahrscheinlich das allerurspriinglichste, Wasserniveau. Dieses Niveau 
dirfte als das Isolierungsniveau des Balen-Beckens beim Zuriick- 
weichen der Ostsee zu betrachten sein. Da die Litorina-Grenze (LGII) 
in der Umgebung als in 58 m heutiger Meereshéhe liegend befunden 
worden ist, traf also die Umwandlung des Balen-Beckens in einen 
Binnensee bei 67 % der negativen Uferverschiebung seit dem bal- 
tischen Litorina-Maximum, d. h. wahrend des frithen Teils der Gang- 
graberzeit, ein. 

Der allgemeine Schichtenwechsel des Balen-See-Beckens (s. Fig. 3) 
fallt beim ersten Anblick nur dadurch auf, dass die Verlandungs- 
stufe nur teilweise mit Torf ausgebildet ist. Innerhalb einer betracht- 
lichen Partie des nordwestlichen Ufermoores dehnt sich namlich ein 
Delta des von NW herkommenden Baches aus, aus Sand, Lehm, 
Schwemmtorf und etwas Diatomeenerde zusammengesetzt. In der 
Torffazies findet man zuoberst eine starkere oder schwiichere Bei- 
mischung von Sand und Lehm, im iibrigen aber die gemeine biogene 
Verwachsungslagerfolge von verschiedenen Sumpftorf- und Seetor- 
farten. Sowohl bei der Deltafazies als bei der Torffazies folgt unter 
den Verlandungsschichten eine ganz normale, nur hier und da etwas 
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Fig. 3. Ein Profil durch den verlandeten Teil des Balen-Beckens, | 
andere, zwischen RYV und RYIV, bzw. RYII und RYI, vorhanden. Me 
33 36.8 


sandige oder schwemmtorfhaltige, braune Grobdetritusgyttja, deren 
lakustrine Herkunft sich sofort durch das Vorkommen von Nymphea, 
Nuphar, Potamogeton, Trapa und anderen Siisswasserfossilien kund- 
gibt. Diese Gyttja wird, wie gewohnlich, von einer griinlichen Ton- 
gyttja unterlagert, deren Tongehalt nach unten zu allmihlich, aber 
etwas unregelmissig, zunimmt, sodass man stellenweise, namentlich 
ganz unten, einen beinahe gyttjafreien, weissgrauen oder schwach 
bliulichen Ton findet (vgl. Fig. 4). Dann kommt, wieder nach der 
Regel fiir soleche Lokalititen, eine ganz diinne Sandschicht — der 


distale Ufersand im Sinne Hatpmens — und darunter schliesslich 
reiner, grauweisser Ton, auf tieferen Stufen bindertonstruiert und 
rotlich. 


Zwar lassen sich sowohl im Delta als im Verlandungstorfe gewisse 
entwicklungsgeschichtliche igentiimlichkeiten rein stratigraphisch 
erkennen. Es haftet ja aber jedem eingehenderen Dechiffrieren einer 
Lagerfolge, dem der Schichtenbau allein zugrunde liegt, ein gewisses 
Mass von Willkiirlichkeit an. Im vorliegenden Falle hat auch die 
Erfahrung gelehrt, dass man ohne die Hilfe der Pollendiagramme 
kaum tiber das reine Tappen im Blinden hinausgelangt, und dies nicht 
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n jetzigen See. Neben den Rekurrenzflichen GrantuNDS (RYI—V) sind zwei 
mern des Baltischen Kursus 1933 und jenem 1934 vermessen. Wasserhdhe 22. Sept. 
Okt. 1934 37.0 m. 
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nur was die Verlandungsstufen anbelangt, sondern beinahe ebensosehr 
betreffs der Sedimente des offenen Vorsees und der ehemaligen Meeres- 
lagune, in welchen jedoch keine besonderen Geheimnisse zu stecken 
scheinen. 

Es liegen aus dem Balen-See vorlaufig acht Pollendiagramme vor, 
von den Teilnehmern der Kurse 1933 und 1934 ausgearbeitet und mit 
Probenintervallen, die nur ausnahmsweise fiinf Zentimeter iibersteigen. 
Von diesen Pollendiagrammen gebe ich hier (Fig. 4) nur eines, und zwar 
aus dem Punkte M. 116 des Profils Fig. 3, als das Normaldiagramm 
der Lokalitat wieder. Der Typus ist jenem des »Bergslag-Diagramms» 
vollstindig gleich, und meine Zoneneinteilung fiir die Gegend des 
Sveaiilv (S. G. U. Ser. C. N:o 347) ist ohne weiteres zu verwenden. Eben- 
so erkennt man im Balen-Diagramm ohne Schwierigkeit die pollen- 
statistischen Niveaus der ombrogenen Rekurrenzflachen GRANLUNDs 
(S. G. U. Ser. C. N:o 373). Letztere sind in das Diagramm Fig. 4 
eingetragen worden. Hs. werden ausserdem zum Vergleich zwei Dia- 
gramme aus benachbarten Hochmooren nach GRANLUND wiedergege- 


ben (Fig. 5 und 6). 
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Fig. 4. Das vollstindigste Pollendiagramm der Balen-See-Ablagerungen 
(M. 116 in Fig. 3). Analysen von den Teilnehmern des Baltischen Kursus 1933. 
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Das baltische Stadium des Beckens. 


Kin Blick auf den untersten Teil des Pollendiagramms bringt so- 
fort eine Uberraschung: der grésste Teil der Tongyttja oberhalb der 
distalen Treeandachicht gehort der Zone V des Sveadlv-Diagramms 
an. Die sehr charakteristische Grenze zwischen den Zonen IV und V 
finden wir im Niveau 2.20—2.50 wieder, welches also der Zeit des 
baltischen Litorina-Maximums entspricht. Obwohl von vornherein an- 
zunehmen wire, dass die Tongyttja die ziemlich nahe bevorstehende 
Isolierung des Seebeckens anzeigt, obwohl die Meereshéhe Isolierung 
wahrend der Ganggraberzeit indiziert, obwohl dies durch das Pollen- 
diagramm bestitigt wird, und obwohl die Machtigkeit der Tongyttja 
nur 2 bis 9 Dezimeter betraigt, ist die Sapropelsedimentation eines 
stillen Wassers nicht nur vor dem Litorina~-Maximum, sondern sogar 
wahrend der Ancylus-Zeit, und zwar kurz nach dem Ancylus- 
Maximum, begonnen. Zu demselben Schluss fiihrt der Diatomeen- 
inhalt der betreffenden Schichtenstufen. Dies wird von GUNNAR 
BRraNDER naher besprochen werden. 

Die distalen Ufersandschichten entstanden, nach HatpEn (S. G. U. 
Ser. C. N:o 280), wenn die Gipfel der Anhéhen einer Gegend durch 
die Landhebung in die Zone der Wellenbewegung gebracht worden 
waren. Die normale Gipfelhéhe der Balen-Gegend betrigt 80— 
85 m. Da die Hohe der Ancylus-Grenze auf rund 100 m geschitzt 
werden kann, und da das Gebiet damals und eine Zeitlang nachher 
ganzlich unter dem freien Wasserspiegel der Ostsee lag, ist es kaum 
zu verwundern, dass die Wellenwirkung sich so frith bemerkbar machte. 
Es ist auch natiirlich, dass in der ausgeprigten, engen und tiefen 
Depression, in welcher der Balen-See liegt, lange vor der schliesslichen 
Isolierung des Beckens so ruhige Verhiltnisse entstanden sind, dass 
die Sapropelsedimentation iiberhandnehmen konnte. Die Beobach- 
tungen, die Astrip CLEVE-HULER zu ihrer eigenartigen Auffassung 
tiber den Verlauf der Niveauverinderungen Sddermanlands gefiihrt 
haben, diirften auf diesem Wege eine mehr befriedigende Erklirine 
finden. 


Bezeichnungen der Pollendiagramme. 
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Rémische Ziffern bezeichnen die RY-Niveaus 
arabische die dazwischenliegenden Zonen. Nach GRANLUND, 


Mikr. C.Larsson 1928 
Fig. 5. Pollendiagramm eines Hochmoors e:a 30 Km ESE vom Balen-See 
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Mikr. C.Larsson 1932 


Hig. 6. Pollendiagramm eines Hochmoors c:a 20 Km NNE vom Bilen-See 
(Kirchsp. Julita), Zifferbezeichnungen wie im Fig. 5. Nach Granbunp. 
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Der Balen-Vorsee, seine Verlandung und die 
Schwankungen seiner Wasserhdhe. 


Es diirfte fiir die kiinftigen Spezialmitteilungen zweckdienlich sein, 
wenn wir die Hauptziige der supramarinen Entwicklung und na- 
mentlich des Verlandungsverlaufes schon hier ziemlich genau ver- 
folgen. Die Schichtfliche der Isolierung liegt, wie aus der Diatomeen- 
succession hervorgeht (vgl. BRaNDER, Balen-See-Studien 2), am Uber- 
gang zwischen der griinlichen Tongyttja und der braunen Grobdetritus- 
gyttja, d. h. im Diagramm Fig. 4 im Analysenniveau 1.90 m. Dicht 
unterhalb dieses Niveaus weist das Pollendiagramm ein markiertes 
Hichenmischwaldmaximum auf, und dariiber folgen in diesem Dia- 
gramme noch zwei, in anderen Diagrammen drei Kulminationen, von 
denen die oberste (im Diagramm Fig. 4 im Niveau 1.10—1.15 m) 
dicht unterhalb der rationalen Fichtenpollengrenze liegt und sich dem- 
gemass als der Schlussphase der Periode zwischen den Rekurrenz- 
flachen RYIV und RYV Granuunps angehorig erweist. Der Rekur- 
renzfliche RYV entspricht ebenso zweifellos das Niveau 1.80 m im 
Diagramm Fig. 4. 

Sehen wir uns nun aber die Lage der Rekurrenzflichen RYIV und 
RYV durch das Profil Fig. 3 hin an, so finden wir zwar im rechten 
Teile des Profils die beiden Niveaus ungefaihr in den zu erwartenden 
Tiefen wieder. Im linken Abschnitt — in der Deltafazies — reicht 
aber die Zwischenperiode zwischen RYV und RYIV fast bis zu der 
Oberflache des ganzen dortigen Schichtenpackens hinauf. Mit anderen 
Worten: die Deltasedimentation brach hier an der Zeit der ombrogenen 
Rekurrenzfliche RYIV ab, und es hat hier in etwa 3000 Jahren so 
gut wie keine Sedimentbildung stattgefunden. 

Bevor wir die Erklirung dieses Sachverhaltnisses suchen, wollen 
wir den allgemeinen Schichtenbau des Deltas ein wenig betrachten. 
Links, im proximalen Teile des Deltakérpers, liegen die Schichten 
beinahe waagerecht. Gegen die Mitte des Profils hin beginnen sie aber 
je nach der Altersfolge immer schriger seewirts abzufallen. Insofern 
weist das Balen-Profil nur das gemeine Bild eines Deltalingenschnittes 
auf, mit einer Ablagerungsfront, die sich in distaler Richtung hin im- 
mer weiter vorgeschoben hat. Besonders in dem Bau der Frontal- 
bildungen sind aber Sonderziige zu bemerken, die eine ausgepriigte 
Zyklizitiit des Wachstums des Deltas zu erkennen geben. Man sieht 
dort eine regelmiissig wiederholte Wechsellagerung von Gyttja, Lehm, 
Schwemmtorf und Sand. Jeder der einzelnen Schichtenpacken beginnt 
zuunterst mit Gyttja oder Lehm und endigt mit sandigem Schwemm- 
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torf in einer Weise, die seichteres Wasser indiziert. Manchmal sind 
diese obersten Schichten des Packens tief schwarzgefirbt. Der Packen 
ist oberflichlich durch Doppleritimpriignation in Pecherde umge- 
wandelt. Dies deutet eine Sumpfbodenflache an, die wenigstens zeit- 
weilig itiber dem Wasserspiegel gelegen hat, und auf welche sich trans- 
gressive, limnische Gyttja oder Lehm gelagert hat. 

Unter diesen semiterrestrischen Schichtflachen springt jene ganz 
besonders in die Augen, die, streckenweise mit Gyttja bedeckt, von 
um M. 220 ab den linken Teil des Profils wenig oberhalb des Iso- 
lierungsniveaus durchzieht. Die ausgeprigte Pecherdeschicht, die 
die proximale Partie dieser Flache bekleidet, lost sich distal in Schwemm- 
torf auf, dessen litoraler Charakter seinerseits sich allmihlich in die 
normale Grobdetritusgyttja des Vorsees abtént. Ein Pollendiagramm, 
M. 238, ergibt die Gleichzeitigkeit dieser Flache mit der Rekurrenz- 
flache RYV der siidschwedischen Hochmoore. Zweifellos liegt in der 
Wasserstandserhéhung des Balen-Sees, die hier abzulesen ist, eine 
hydrographische Reaktion derselben Verfeuchtung des Klimas vor, 
die in dem Wiederanfangen der ombrogenen Torfbildung zu direktem 
Ausdruck kommt. 

Aus pollenanalytischen Zeitbestimmungen an den Punkten M. 116, 
M. 178, M. 192 und M. 238 geht hervor, dass die stark abfallende Grenz- 
fliche des sandigen Schichtenkomplexes gegen die Jjiingeren Verlan- 
dungsschichten der siidéstlichen Halfte des Vorsees hin die distale 
Fortsetzung der noch freigebliebenen Deltaoberflaiche bildet, und dass 
diese einheitliche Sedimentationsfliche — die jiingste des nordwest- 
lichen Teiles unseres Profils — zeitlich der ombrogenen RYIV ent- 
spricht. Unten wird auch nachgewiesen werden, dass dieses Aufhéren 
der Deltasedimentation innerhalb dieses Teiles des Beckens als eine 
Wirkung der damaligen Humidititssteigerung betrachtet werden muss. 

Zwischen dem RYV- und dem RYIV-Horizont registriert aber das 
Balen-Delta noch andere hydrographische Fluktuationen, u. a. eine 
ziemlich starke, deren Wirkungen sich durch das ganze Delta hin ver- 
spiiren lasst. Proximal bemerkt man davon nur einen jahen Sprung 
der Kérnergrésse des Materials, von ziemlich grobem Sand (unten) 
zu Lehm (oben). Jener fallt wegen seiner starken Hisenschiissigkeit 
besonders in die Augen. Distal tritt aber Pecherde an der Grenzflache 
auf und, wo das Abfallen seewarts beginnt, auch Schwemmtorf und 
dariiber eine Deckschicht von Gyttja. Die Ausbildung dieses Oszilla- 
tionskomplexes steht jener von RYIV und RYV an Starke wenig 
nach. Weder die Schwankung des Wasserstandes, die diese Schicht- 
fliche registriert, noch die von RYIV haben sich aber kontinuierlich 
entwickelt. Sowohl das Herabsinken als das Steigen des Wassers 
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war dem Lagerwechsel nach durch wiederholte Verschiebungen in 
entgegengesetzten Richtung mehrmals unterbrochen. Die Pecherde- 
horizonte lésen sich seewarts facherartig in Teilschichten auf, zwi- 
schen die sich keilférmige Schichtenkomplexe von Schwemmtorf und 
Gyttja hineinschieben. Eine entsprechende Wechsellagerung von 
Gyttja, Lehm und Sand kommt auch oberhalb RYV vor, und die 
Terrassenabstufung des RYIV-Deltas, die das Profil Fig. 3 aufweist, 
diirfte ebenso auf kleinere Oszillationen zuriickzufiihren sein. Augen- 
scheinlich ist die Wasserhéhe des Balen-Sees einer Menge von wieder- 
holten Schwankungen unterworfen gewesen, unter welchen jene von 
RYV und RYIV, sowie die dazwischenliegende, die starkeren waren. 
Bei diesen Stufen lasst sich ein Gang der Entwicklung ahnen, wo der 
tatsichliche Verlauf aus interferierenden Fluktuationsperioden von 
verschiedener Linge und Schwingungsgrésse resultierte. Wir werden 
auch finden, dass ein ganz ahnlicher Entwicklungstypus die jiingeren 
Stufen kennzeichnet, und ausserdem, dass der gesamte Schichtenbau 
der Balen-See-Ablagerungen eine Klimawelle von noch héherer Grés- 
senordnung als diejenigen der RY-Fluktuationen andeutet. 

In der siidéstlichen Halfte unseres Profils, wo biogene Sediment- 
anlagerung gewohnlicher Art die Verlandungsprozesse beherrscht, 
kommt die Deltabildung vor RYIV nur in einer seewarts immer 
schwiacheren minerogenen Beimischung der Grobdetritusgyttja der 
betreffenden Niveaus zum Vorschein. Die Pollendiagramme M. 0 und 
M. 116 kniipfen diese sandigen Lagerstufen mit dem westlichen Haupt- 
teil des Deltas zusammen. Von M. 60 bis M. 170 hat die Verlandung 
des Sees durch Phragmiteta, Equiseteta und auf sie folgende Magno- 
cariceta in der Zeit von GRaNLUNDS RYIII—RYII stattgefunden, 
und im Sumpftorfe, der durchschnittlich nur etwa 70 Zentimeter 
miachtig ist, liegen drei deutliche Trockenhorizonte vor, die den Pollen- 
diagrammen nach dem Zeitabschnitt der ombrogenen Niveaus R YII— 
RYI aquivalieren. Der untere ist nur im westlichsten Teil des Sumpf- 
torfgebietes sichtbar und besteht dort aus einem Bruchtorfstreifen, 
von Magnocaricetumtorf bedeckt. Der mittlere durchliuft als ein 
zusammenhingender Horizont von Waldmoder, Bruchtorf und Par- 
vocaricetumtorf fast den ganzen Torfaufschluss. Nachst zu dem 
heutigen Balen-See lést er sich aber auf und wird von einem ahn- 
lichen, aber jiingeren Niveau ersetzt. Dieses entspricht dem RYI 
GRANLUNDS, und jenes schiebt sich den Pollendiagrammen nach als 
eine neue Rekurrenzflaiche zwischen RYII und RYI hinein, die nach 
den archiologischen Datierungen des gesamten mittelschwedischen 
Diagrammenmaterials in die Zeit um 700—800 n. Chr. gehoren diirfte. 
Diese beiden Rekurrenzniveaus bilden zusammen den augenfalligsten 
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»Grenzhorizont» normaler Art, den das Profil aufzuweisen hat, und 
wenn keine Pollendiagramme uns zurechthiilfen, wiirde dieser sicher- 
lich als ein guter »subboreal-subatlantischer Kontakt» aufgefasst wor- 
den. In Wirklichkeit stammt aber dieses Grenzhorizontenkomplex 
des Balen-Sees zum Teli aus der jiingeren Eisenzeit, zum Teil aus 
dem Mittelalter her. 

Das Hangende dieser beiden RY-Flaichen besteht aus einer nur etwa 
20 Zentimeter michtigen Sumpftorfschicht, die aber so stark mit Sand 
und Lehm vermengt ist, dass sie streckenweise eher als Schwemmton 
denn als Torf bezeichnet werden sollte. Wir begegnen hier wieder einer 
Deltabildung, aber nur in marginaler Fazies. Der Hauptteil dieses 
jiingeren Deltas ist irgendwo neben unserem Profilschnitt zu suchen. 
Trotz ihrer schwachen Ausbildung weist aber auch diese Deltaschicht 
an ihrer Oberfliche ebendieselbe Terrassengestaltung auf, die wir an 
der RYIV-Flaiche fanden, und auch der Artwechsel des unterliegen- 
den Torfes, obschon in diesem Profil ziemlich wirr, deutet auf kleinere 
Schwankungen der Wasserfiihrung und der Bodenfeuchtigkeit hin. 
Bis in die Jetztzeit hinein erkennen wir dasselbe Grundthema des Ent- 
wicklungsganges, das uns das altere Balen-Delta entschleierte. 

Die Deltaoberflache der siidéstlichen Profilhalfte liegt etwas oberhalb 
des 37 m-Niveaus, und die dortige Deltaschicht keilt dicht unterhalb 
des 38 m-Niveaus aus. Das altere Delta reicht rund 1 Meter hoher. 
Der limnotelmatische Kontakt des normal zugewachsenen Gebietes 
schwankt um das 36.5 m-Niveau herum. Die Gyttjakeile im Westen 
reichen bis etwa 37.5 m hinauf. Unzweideutig ist die Verschieden- 
artigkeit zwischen den beiden Hilften unseres Profils durch eine allge- 
meine Absenkung des -Balen-See-Wassers bedingt, die das durch- 
schnittliche Niedrigwasserniveau von etwa 37.5 m auf etwa 36.5 m 
und das Hochwasserniveau von etwa 39 m auf etwa 38 m erniedrigte. 
Dementsprechend ergaben sich in der Abflussrinne (Fig. 2) zwei 
Terrassenstufen, bei 39 m bzw. 38 m, jede zweifelsohne ein sikulares 
Hochwasserniveau bezeichnend. Die Zeitstufe, wo diese durchgreifende 
und andauernde Umlegung der ganzen Hydrographie des Balen-Sees 
stattgefunden haben muss, lasst sich in unserem Profil scharf abgren- 
zen, und zwar nach RYIV, wo die altere Deltasedimentation aufhorte, 
aber vor RYIII, oder jedenfalls RYII, wo das Verwachsungsniveau 
schon seine spaitere Héhenlage eingenommen hatte. Auch die wahr- 
scheinliche Erklirung ergibt sich bei wiederholter Hrwagung des ge- 
samten stratigraphischen Bildes. 

Schon aus den Pulsationen der ombrogenen Torfbildung konnte 
GrantuND darauf schliessen, dass der langdauernde Durchschnitt der 
Humiditat bis in die Periode zwischen RYIII und RYII sich schritt- 
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weise gesteigert hatte. Zu einem entsprechenden Schluss fiihrt das 4l- 
tere Balen-Delta, obschon die dortige Entwicklung mit RYIV zu Ende 
war. Von RYV ab reichen nimlich die Gyttjakeile der wasserreicheren 
Epochen zu immer grésserer Hohe hinauf. Die alteren endigen in 
etwa 37.5 m, die jiingsten, die der RYIV-Zeit angehoren, in fast 
38 m Hohe. Eine allmahliche Emporhebung gleicher Art zeigen die 
Pecherdestreifen und die Schwemmtorfschichten, die supraaquati- 
sche Uferzonen der Trockenstufen angeben. Die Kleinschwankungen 
der Inundation pendelten wahrend der ganzen Zeit des alteren Balen- 
Deltas um ein immer héheres Mittelniveau herum. Die Wasserfiihrung 
des Balen-Beckens nahm mit jeder humiden Periode immer weiter 
zu, bis sie, nach der Trockenphase von RYIV, gross genug geworden 
war, um die Erosion des Abflusses so zu intensivieren, dass ein we- 
sentlich starkerer Ablauf zustande gebracht wurde. Sogar der »Fim- 
bulwintery SeRNANDERS — die humide Stufe zwischen RYIII und RYII 
—  vermochte nicht das Wasser auf die Normalhéhe vor RYIV zu 
bringen. 


Das Ziel der Balen-See-Studien. 


Fiir die klimageschichtliche Forschung gilt es nunmehr vor allem, 
die Konstanten der ehemaligen Klimakurve zu finden. Die obige 
Rekonstruktion der paliohydrographischen Entwicklung des Balen- 
Sees hat in gewissen Hinsichten eine nicht unbetrachtliche Linien- 
festheit erreichen kénnen. Schon durch das eine gegenwirtig vor- 
liegende Profil wird es festgestellt, dass derartige sikulare Verinde- 
rungen des Klimas, die man vor allem aus der Stratigraphie der 
Hochmoore hat herauslesen kénnen, in den Balen-See-Ablagerungen am 
empfindlichsten registriert worden sind, und sogar in einer Ausdeh- 
nung und mit einer Schirfe, wie es auch bei den meisten bisher unter- 


suchten Hochmooren kaum der Fall ist. Dies ist der wichtigste Grund, 


weshalb ich beabsichtige, die Balen-See-Studien noch weiter fortzu- 
fiihren, und hoffe, dass sie es schliesslich erméglichen werden, die 
exakte sikulare Niederschlagskurve der Ge- 
gend fiir die letzten 4000 bis 5000 Jahre zu be- 
rechnen. 

Um dieses Endziel zu erreichen, muss man selbstverstindlich einer- 
seits fiir die ehemaligen Wasserstinde und ihre grésseren und klei- 
neren Schwankungen genaue zeitliche und metrische Zahlen erbringen, 
andererseits die Korrelation zwischen der Wasserhéhe des Sees, der 
Wassermenge des Ablaufes und den Wechselungen der Niederschlage 
im Zuflussgebiete feststellen. 
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Um den jetzigen Wasserhaushalt kennen zu lernen, hat die staatliche 
Anstalt fiir Meteorologie und Hydrographie mit gewohntem Ent- 
gegenkommen versprochen, die nétigen Beobachtungsstationen — 
d. h. einen Pegel an der Ausflussstelle des Ablaufes und eine Nieder- 
schlagsstation in der Mitte des Zuflussgebietes — einzurichten. Die 
erforderlichen Messungen der Wassermenge werden von den geo- 
graphischen Studenten der Stockholms Hégskola als Ubungen aus- 
gefiihrt werden. 

Die stratigraphische Aufnahme darf sich selbstverstindlich nicht 
auf ein einziges Profil beschranken. Hine Hauptbedingung fiir das 
Zustandekommen der gewiinschten, genauen Bestimmungen der alten 
Wasserhéhen, sowie auch fiir die vollstandige Ermittelung und Da- 
tierung samtlicher Wasserschwankungen, ist ein Netz von Schnitt- 
linien mit zugehdérigen Pollendiagrammen und mit so engen Maschen, 
dass jedes Niveau der verschiedenen Schichtenkomplexe vollstandig 
vermessen wird. Wie schon gesagt, wird diese Arbeit unter meiner 
Leitung von meinen Schiilern ausgefiihrt werden. Hin Glied davon 
wird auch die topographische Aufnahme des Seebeckens mit seinen 
Uferlinien, seiner Bodenkonfiguration usw. sein. Uberhaupt wird 
es fiir uns gelten, die Beobachtungsunterlage des kiinftigen paliokli- 
matischen Kalkuls so zuverlissig wie mdglich zu machen, und die 
vielen stérenden Faktoren so kennenzulernen, dass sie bemeistert 
werden kénnen. 

Bis diese Hauptaufgabe unserer Arbeiten am Balen-See geldst 
worden ist, werden die »Balen-See-Studien» sich darauf beschranken, 
die Nebenerscheinungen, die durch das wachsende Beobachtungs- 
material beleuchtet werden, wie das stratigraphische Auftreten 
wichtiger Mikro- und Makrofossilien, den Fazieswechsel der Sedi- | 
mentbildung, die Hinfliisse der Sedimentationsmilieus auf die lokale 
Ausbildung der Pollenspektra usw., auseinanderzulegen. 
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Balen-See-Studien 
des Geologischen Instituts der Stockholms Hégskola. 


2: 
Die baltische Diatomeen-Succession des Balen-Beckens. 
Von 
G. Branper, Helsingfors. 


(Manuskr. eingegangen 27/3 1938.) 


An anderer Stelle dieses Heftes der »Geologiska Féreningens i Stock- 
holm férhandlingary — Balen-See-Studien 1 — berichtet Prof. 
LENNART VON Post iiber das Zustandekommen, den Zweck und den 
Fortgang der von ihm geleiteten Balen-Untersuchung (9). Diese Unter- 
suchung wurde mit der Arbeit, welche der wihrend des Herbstsemesters 
1933 in Stockholm unter v. Posts Leitung tiitige sog. »Baltische Kursus 
fiir Quartirgeologiey ausfiihrte, erdffnet. Dem Verfasser des vorlie- 
genden Aufsatzes, einem der Teilnehmer des Kursus, fiel hierbei u. a. 
die Spezialaufgabe des niheren Studiums der Diatomeen in den Balen- 
Ablagerungen zu, eine Untersuchung, deren Ergebnisse hiermit vor- 
gelegt werden. 

In seinem einleitenden Aufsatz gibt v. Post zugleich einige orientie- 
rende Angaben iiber Lage und Topographie des Untersuchungsgebiets 
sowie Auskunft tiber die Stratigraphie der Sedimente. Um eine beson- 
dere Verwertung dies meines Beitrages zu erméglichen, sehe ich mich 
genotigt, einige seiner Angaben hier zu wiederholen, jedoch nur die fiir’s 
richtige Verstindnis der Diatomeen-Folge unerlisslichsten. In allem 
Ubrigen verweise ich auf den Aufsatz von v. Post. 


Der etwa '/, km lange Balen-See ist in der mittelschwedischen Land- 
schaft Sddermanland, unweit der Kisenbahnstation Vingaker, in 37 m 
(urspr. 39 m) Meereshdhe belegen. Fast rundum ist der kleine See 
von bis etwa 85 m ii. d. M. sich erhebenden Bergen umgeben; demzu- 
folge macht das Seebecken ein kleines geschlossenes Niederschlagsgebiet 
fiir sich aus. Die Zufliisse des Sees bestehen aus einigen von den Rand- 
gebirgen herabstrémenden unbedeutenden Biichlein; der Abfluss ge- 
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schieht durch ein ebenso kleines Bachlein zu dem unfern belegenen, 
grosseren See Kolsnaren auf der Vingaiker-Ebene. Der Abflusspass 
ist tief und eng; hier, sowie in den erwihnten Terrainverhaltnissen ist 


die Ursache zu dem merklichen Umstand zu 
finden, dass im Balen-Becken so lange Zeit 
stille Str6mungsverhiltnisse des Wassers vorge- 
herrscht haben, ruhig genug, um das Absetzen 
gyttjafiihrender Sedimente von der Anzylus- 
Zeit an zugestatten (vgl. Fig. 1). — Die An- 
zylus-Grenze der Gegend liegt in etwa 100 m, 
die Litorina-Grenze in 58 m Meereshéhe. 


Vielleicht wird es einem oder dem anderen 
der Leser scheinen, als ob die vorliegende 
Darstellung umstindlich sei, als ob das Re- 
ferieren einiger tiblicher Methoden, theoretischer 
Erwagungen und schon gut bekannter Grund- 
begriffe unbeschadet hatte ausgeschlossen wer- 
den konnen. Ich gebe dies zu, méchte aber 
anderseits hervorheben, dass ich die mir jetzt 
dargebotene giinstige Gelegenheit habe ergreifen 
wollen, um ein wenig Propaganda fiir eine 
allgemeinere Verwendung der Diatomeen in der 
Quartirgeologie zu machen. Die gebotene 
Gelegenheit habe ich als um so wertvoller 
befunden, als die meisten der jungen Forscher 
aus verschiedenen Lindern, die zum _ »Bal- 
tischen Kursus») versammelt waren, damals ihre 
erste Bekanntschaft mit den Diatomeen mach- 
ten. Ist der vorliegende Aufsatz auch nur 
einigermassen im Stande, die Hinsicht von der 
grossen Bedeutung derartiger Untersuchungen 
zu fordern und tieferes Interesse fiir diesen 
bisher leider so vernachlassigten Forschungs- 
zweig zu erwecken, so ist die Ausfiirlichkeit 
desselben nicht vergeblich gewesen. Dieser 
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Fig. 1. 


mein Beitrag zur Balen-Untersuchung ist, obwohl auch einige positive 
Ergebnisse darin dargelegt werden, doch in erster Linie als ein Beispiel 
fiir eine Art der Verwendung der Diatomeen aufzufassen. 

Ich méchte hier die Gelegenheit wahrnehmen, dem »Komitée zur 
Beférderung der kulturellen baltischen Zusammenarbeit» fiir die mich 
so ehrenvolle, von einem Stipendium begleitete Hinladung, als finn- 
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lindischer Reprisentant an dem Kursus teil zu nehmen, dem Leiter 
und den iibrigen Lehrern des Kursus fiir die gebotene wertvolle Er- 
weiterung an Wissen, sowie meinen Mitteilnehmern fiir gute Kamerad- 
schaft meinen herzlichsten Dank aussprechen. 


Die Diatomeenflora der Balen-Sedimente. 


Unter den am Strande des Balen-Sees aufgenommenen Bohrprofilen 
ist dasjenige mit der Bezeichnung M. 116 fiir die Diatomeenanalyse 
ausgewihlt worden, also dasselbe, dessen Polleninhalt v. Post als ein 
Normaldiagramm des Untersuchungsgebiets veréffentlicht (9). Neben- 
stehende Figur 1 zeigt die Schichtenfolge des Profils, und enthalt An- 
gaben tiber diejenigen Niveaus, von denen die untersuchten Proben 
herstammen. 

Das niachste Resultat der Diatomeenanalyse ergibt sich aus nach- 
stehendem Verzeichnis, Tabelle I. Die Frequenzziffern der verschie- 
denen Formen geben Prozente der in den resp. Praparaten rechneten 
Totalsumme der Diatomeen an. Alle bestimmbaren Schalen sind mit 
in Betracht gezogen worden. Das Pluszeichen bedeutet eine Frequenz 
von unter 1/, %. 

Schon eine oberflichliche Durchsicht des Verzeichnisses lisst den in 
gewissen Niveaus stattfindenden, mehr oder weniger deutlichen Asso- 
ziationswechsel erkennen. Die Grenzniveaus, die in der Tabelle durch 
fetter gedruckte Linien bezeichnet sind, haben folgende Bedeutung: 
Die Linie zwischen den Proben N:ris 720 und 719 gibt die Braunii- 
Grenze an, die zwischen 718 und 717 die Clypeus-Grenze, die zwischen 
710 und 709 den Eintritt des Lagunenstadiums und die Linie zwischen 
709 und 708 endlich den Isolierungskontakt. Diese Grenzlinien halten 
also die folgenden Entwicklungsphasen auseinander: Die Anzylus- 
Stufe, zwei Litorina-Stufen, die Lagunenstufe und die Kleinseestufe 
des isolierten Balen-Sees. 


Tab. I. Generelles Diatomeenverzeichnis. 
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Noten zur Tab. I. 

1 Achnantes calcar Cl. A. exigua Grun. A. lanceolata Bréb. 

2 Hunotia formica BE. EL. lunaris (E.) Grun. F. pectinalis (Ktz.) Rabh. v. ventralis (E.) 
Hust. #. praerupta E. EH. valida? Hust. 

8 Fragilaria brevistriata Grun. F. construens (E.) Grun. cum varr. subsalina Hust. et 
venter (E.) Grun. F’. crotonensis Kitton. F. pinnata E. 

4 Gomphonema acuminatum E. cum v. coronata (E.) W. Sm. G. intricatum Ktz. G. 
lanceolatum E. v. insignis (Greg.) Cl. 

5 Es hat sich bei vorliegender Untersuchung als zweckmissig erwiesen, diese u. a. 
von CLEVE-EvLER, HALDEN und KoLBE beobachtete kapitierte lacustris-Form als beson- 
dere »formay» aufzunehmen. CLEVE-EULER hat sie als Varietit von M. lacustris auf- 
genommen. 

6 Melosira Westii fo. parva habe ich eine kleine (Durchmesser 
konstant 12—14 uw) Form von M. Westii mit variierender Umriss- ESS 
form bezeichnet. Diese hat CLeve-EvLER unlingst aus Aland (5) Co} . (@} 
als Melosira Westii var? nuda beschrieben; Ihre Abbildung kommt 
»d» in der beistehenden Figur 2 am nachsten. Seitdem ich aber in ey Gor 
meinen Priaiparaten alle Ubergiinge — mit oder ohne vorragende boc 
Leisten auf dem Diskus und mit oder ohne Einsenkung der Schalen- 
mitte — zwischen jener Form und dem wahren Westii-Typus CO 7 Ray: 
gefunden habe, und da eines der Endglieder der Variationsreihe 
mit der Art (ausser in der geringeren Grosse) vollstiindig identisch Fig. 2. 


ist, habe ich es als richtiger erachtet, sie nur als forma von der Art ; 
aufzunehmen. Der Formenkreis 


7 Melosira distans (E.) Ktz. cum v. lirata (E.) Bethge. M. a 
italica (K.) Ktz. cum v. valida Grun. ape ort jiapeas 

8 Neidium affine (E.) Cl. v. amphirhynchus (E.) Cl. N. Hitch- - : 
kockii (E.). N. iridis (E.) Cl. 

® Intermediar zwischen v. ambigua und v. Victoriae. 

10 Pinnularia cardinalis (E.) W. Sm. P. maior Ktz. P. mesolepta (E.) W. Sm. P. no- 
bilis E. P. polyonca (Bréb.) O. M. P. streptoraphe Cl. P. subsolaris (Grun.) Cl. P. viridis 
(Nitzsch) E. v. intermedia Cl. 

u Surirella biseriata Bréb. S. Capronii Bréb. S. elegans E. S. tenera Greg. 


Ohnedies sind die Proben N:ris 706, 705, 703, 699, 697, 693, 688 und 
684 untersucht (vgl. Fig. 1), aber in dem Verzeichnis nicht mit auf- 
genommen worden wegen ihres sehr gleichartigen Diatomeengehaltes 
von wenigstens 98 °% Fragilarie. Im iibrigen kamen andere Kleinsee- 
formen vor, mit einzelnen Lagunenformen vermischt, unter welchen 
letztgenannten Nitzschia scalaris am lingsten fortlebt. 


Uber das Rechnen der Diatomeen und die 
tiblichen Prinzipien der Frequenzangabe. 


Das Rechnen ist auf mit Wasserstoffperoxyd behandelten, ange- 
reicherten Priiparaten bewerkstelligt worden, die vermittels Olimmer- 
sionsobjektiv und Kreutztisch systematisch durchmustert worden sind. 
Mindesten 200 Schalen sind in jedem Priparate gezihlt worden, mit 
Beachtung des Umstandes, dass die Summe derjenigen Diatomeen, 
die ausserhalb der Summe der hier als indifferent in Bezug auf ihren 


pats Mit Ausnahme des Praiparats N:o 727, in dem nur 88 Schalen gefunden worden sind. 
Ubrigens erwiesen sich die Praparate fast ausnahmslos als sehr schalenreich. 
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Salzbedarf angesehenen Formen von Epithemia und Rhopalodia fallt, 
niemals weniger als 100 betragen hat. Dies hat bei mehreren der Pri- 
parate ein Rechnen von iiber 400 Schalen notwendig gemacht. Nach- 
dem die nétige Anzahl gezihlt worden war, wurde noch der ganze Rest 
des Praparates untersucht, fortgesetzt mit Immersion, und die hierbei 
neuaufgedeckten Formen mit einem Pluszeichen versehen. 

Wie aus der Tabelle ersichtlich, habe ich die Frequenz einer 
jeden der Arten und Varietiten nicht einzeln fiir sich angegeben, 
und zwar aus verschiedenen Griinden. In einigen Fallen hat sich das 
sogar als untunlich erwiesen, wenn z. B. manche der Formen, die auf 
der Giirtelbandseite iiberhaupt nicht bestimmbar sind, diese Seite mit 
Vorliebe aufwarts wenden. Daher z. B. die Vereinigung von Hpithemia 
argus mit varr. und HL. Miilleri zu einer Frequenzgruppe, die Vereinigung 
von FH. sorex und #. cistula usw. Aus demselben Grunde ist es unmég- 
lich gewesen, die verschiedenen Gomphonemen in jedem einzelnen Falle 
auseinander zu halten. Teils habe ich es fiir unn6tig befunden, die 
eigentliche Tabelle mit allen gefundenen Arten und Varietaten zu 
belasten; im allgemeinen sind nur diejenigen mit aufgenommen worden, 
die in salzékologischer Hinsicht fiir wichtiger angesehen worden sind. 
Hierdurch ist die Tabelle verkiirzt worden, welches gréssere Uber- 
sichtlichkeit und niedrigere Druckkosten bedeutet. Aus denselben 
Griinden ist auch eine Anzahl von Arten mit ihren Varietiten dort 
vereinigt worden, wo ihre resp. salzdkologischen Lebensbedingungen als 
iibereinstimmend gepriift worden sind, wie z. B. Cymatopleura elliptica 
und ihre Varietiten usw. 

Hinsichtlich der Prinzipien der Frequenzangabe unterscheiden wir 
zwischen zweierlei Frequenztabellen, solechen, die sich auf okulare 
Schatzung griinden und solchen, die auf absolutem Rechnen basiert 
sind. Selbst habe ich friiher die erstere Methode fiir die einzig geeignete 
gehalten, bin aber jetzt, nachdem ich bei vorliegender Untersuchung 
vermittels Einschatzung frequenzbestimmte Praiparate kontrollgerech- 
net habe, ein entschiedener Anhanger der absoluten Methode geworden. 
Und zwar hatte dieses Kontrollrechnen solch einen verbliiffenden Hr- 
folg, dass ich kein Bedenken trage zu behaupten, dass Artenlisten, die 
sich nur auf rohe Hinschatzung der Frequenzen griinden, meistens 
irrefiihrend und somit von geringem Wert als Basis bei der Aufstellung 
salzokologischer u. a. s. Diagramme sind. Als Beispiel diene die Leich- 
tigkeit, womit die Frequenz von Campylodiscus clypeus, wenn die Scha- 
len zerrissen sind, tiberschaitzt wird; in einem Falle, wo das Priparat 
mit kleinen Schalenfragmenten dieser Art iibersat ist, und wo die rela- 
tive Einschitzung zu einer Frequenz »copiosissime» ohne Bedenken fiih- 
ren wiirde, geschieht es leicht, dass das absolute Rechnen ein Clypeus- 
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Prozent von unter 10 ergibt. (Das Rechnen von Campylodiscr, Suri- 
relle und echte Disken habe ich iibrigens in der Weise ausgefiihrt, dass 
im Protokolle ein jedes Fragment mit einer Kurvenlinie angegeben 
wurde, deren Linge derjenigen der Fragmentenkante schaitzungsweise 
entsprach; in dieser Weise sind die Kurvenlinien zu je einer Schale 
entsprechenden Kreisen zusammengefiigt worden). 


Die Bearbeitung des Diatomeenmateriales. 


Jeder auf Grund einer Diatomeenfrequenzliste basierte Rekonstruk- 
tionsversuch des in den Salz- und Tiefenschwankungen des Wassers 
sich wiederspiegelnden Landhebungsverlaufes, stésst zuerst auf die 
Frage: Ist die Liste zweckmissig als solche zu verwenden oder muss 
man Umrechnungen oder Ausschliessungen gewisser Formen oder 
Formengruppen vornehmen, um das, was man hervorzuheben wiinscht, 
zum Ausdruck zu bringen. Derartige Zusammengruppierungen sind 
aus zweierlei Griinden vorgenommen worden: Durch plotzliches Mas- 
senvorkommen auf einem gewissen Niveau des Erdprofils ist eine ge- 
wisse Art oder Artengruppe im Stande den Prozentbetrag der iibrigen 
Formen ginzlich zu unterdriicken und damit das Diagrammbild im 
betreffenden Niveau wesentlich zu verzerren, was dann um so ver- 
driesslicher ist, wenn die fragliche Art oder Artengruppe in salz- und 
tiefendkologischer Hinsicht als indifferent anzusehen ist. In solchen 
Fallen ist eine Ausschliessung aus der gemeinsamen Prozentensumme 
gerechtfertigt. 

Priifen wir zuerst diesen ersten Grund am vorliegenden Diatomeen- 
materiale, so finden wir drei Falle solchen Massenerscheinens. In der 
Probe 714 beliuft sich die Prozentzahl der kleinen Form von Melosira 
Westiz auf 44. Diese Frequenz scheint mir doch nicht gross genug, um 
einen Ausschluss zu motivieren, und dies umso weniger, als die betref- 
fende Form deutlich sowohl salz- als tiefenzoniert ist. — Die Fragilarie 
erscheinen massenhaft nach der Isolierung des Balen-Beckens zu einem 
Kleinsee. Da jedoch diese Gattung dort in derjenigen Assoziation vor- 
kommt, der sie hauptsiichlich angehért, habe ich sie verblieben lassen, 
trotzdem ihre Reprisentanten in fast s&imtlichen der untersuchten 
Proben eingeschwimmt worden sind. — Die Epithemie zeigen am Cly- 
peus-Kinbruch ein kraftiges Aufbliithen; hier habe ich es als notwendig 
erachtet, einen Ausschluss vorzunehmen (siehe unten). 

Dem zweiten Beweggrund gemiiss, von HaupEn (7) hervorgehoben 
und in seinen Konsequenzen angewandt, sind beim Rechnen die éko- 
logischen Gruppen Grundformen, Epiphyten und Planktonten aus- 
einander zu halten, und somit die Frequenz einer Art in Prozent der 
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Summe der berechneten Hinheiten derjenigen dkologischen Gruppe, 
der sie angehért, anzugeben. Dies ist nétig, weil oft grosse Mengen 
hoherer Wasserpflanzen mit daran reichlich haftenden epiphytischen 
Diatomeen durch Strémungen und Wellenschlige in Buchten und 
Lagunen hineingefiihrt werden; jene Aufwuchsdiatomeen werden somit 
iberreprasentiert in denjenigen Sedimenten, die in engen, ruhigen Ge- 
wassern abgelagert sind, unterreprasentiert dagegen in den Sedimenten 
der offenen Kiisten. Nicht einmal die HatpEnsche Methode ist mithin 
betreffs der Epiphyten brauchbar; gut verwendbar wiire sie dagegen 
hinsichtlich der Grundformen und Planktonten. 

Diese Methode ist auf logischen Uberlegungen und gut bekannten 
Tatsachen begriindet, ihre Anwendung scheint mir aber gewisse. Be- 
denklichkeiten zu haben. Sie setzt sichere Kenntnis vom Grade des 
Salzbedarfs einer jeder in der Artenliste vorkommenden Form 
voraus — wobei das Placieren mancher fakultativen Formen schwierig 
sein kann —, eine Kenntnis, die man bisher noch keineswegs hat. 
Ebensowenig besitzt man hinreichende Kenntnis von derjenigen Tiefe, 
die manche Spezies fiir ihr Gedeihen vom Wasser verlangen, wobei die 
fakultative Natur vieler Formen auch hier Schwierigkeiten bereitet. 
Beste Ausbeute scheint, worauf auch HaLtpEN aufmerksam macht, 
die Methode in der Weise angewandt zu ergeben, dass nur gewisse 
»sicherey Formen ausgewahlt werden, die gesondert oder mit ihren sum- 
mierten Prozenten den Salz- und Tiefenschwankungen des Wassers 
veranschaulichen sollen. Dass ich aber diese Methode jetzt nicht ange- 
wandt habe, beruht, abgesehen von ihren obenerwahnten Schwachen, 
auch darauf, dass ich nach einem Versuch gefunden habe, dass meine 
eigenen Kurven ein besseres Bild vom Entwicklungsverlauf geben, 
als es die fragliche Methode jemals hatte tun kénnen. 


Die Gattung Epithemia ist, wie oben erwahnt, in den Ablagerungen 
von Balen ungemein reichlich vertreten; ein Summieren der Arten und 
Varietiten dieser Gattung ergibt eine Maximalfrequenz von nicht 
weniger als 82 % in der Probe 716. Von hier an sinkt diese Frequenz 
ziemlich regelmassig sowohl auf- als abwarts im Profile.t _Infolge dieses 
Massenauftretens unterdriicken diese meistenteils »unwichtigeny Hpi- 
phyten kraftig den Prozentbetrag der iibrigen .Formen, und zwar be- 
sonders an der Clypeus-Grenze, wo sie mitgerechnet stark die anderen 
Kurven beeinflussen wiirden; u. a. wiirde das Clypeus-Maximum an 


1 Der Verlauf der Epithemia-Kurve wird in erster Linie von der dominierenden Fre- 
quenzgruppe argus-Miilleri bestimmt. Interessant ist, das kraftige Aufblithen von BE. 
turgida in »spiter», salziger Litorina konstatieren zu kénnen. Was schliesslich auf FH. 
zebra coll. ankommt, riihrt die Maximalfrequenz dieser Gruppe im Lagunenwasser vom 
dort reichlich vorkommenden var. porcellus her. 
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der Cl.-Grenze nur sehr schwach zum Vorschein kommen. Schon um 
letztgenannte Nachteil zu vermeiden habe ich die Mitte zwischen 
den oben besprochenen Methoden insofern gehalten, als ich aus der 
folgenden Darstellung diejenigen Formen von Epithemia und Rho- 
palodia', die betreffs ihres Salzbedarfs als indifferent angesehen worden 
sind, ausgeschlossen habe. Die ausgeschlossenen Formen sind: Hpv- 
themia argus mit varr., EL. intermedia, BE. Miilleri, E. turgida mit var., 
E. sorex, E. cistula, E. zebra mit varr., Rhopalodia gibba und R. parellela. 


In den nachstehenden Tabellen finden wir die Diatomeen des gene- 
rellen Verzeichnisses mit umgerechneten und zwar — infolge des Aus- 
schlusses oben aufgezihlter Formen — verhdhten Frequenzprozenten 
wieder.2 Samtliche der Arten und Varietiten sind hier nicht mit auf- 
genommen worden, sondern nur diejenigen, die ich als mehr dezidiert 
in Bezug auf irgendeinem gewissen Salzbedarf angesehen habe. 

Was das Einreihen eines Teiles der Formen betrifft, kann man ja 
unschliissig sein, ob dasselbe richtig ist, aber ich glaube immerhin, dass 
eine eventuelle Opposition hier nur Formen mit so niedriger Frequenz 
treffen wiirde, dass die Tendenzen der Diagrammkurven durch etwaige 
Umegruppierungen nicht wesentlich wiirden verindert werden. Hinige 
der Einreihungen fordern doch ihre Erklirung: 

In der Gruppe der Siisswasserformen ist eine Einteilung in »Grossee- 
formen) und »Kleinseeformen» vorgenommen worden, um den Unter- 
schied zwischen dem in Anzylus-See und in dem isolierten Balen-See 
abgelagerten Sedimenten zum Ausdruck zu bringen. Unter den erst- 
genannten finden sich ausser echten Arenaria-Formen sensu SUNDELIN 
(10, 8. 34) auch einige andere Siisswasserformen, die hierher gestellt 
sind, weil sie in der eigentlichen Kleinseeflora nicht heimisch sind. 
Ohne in diesem Zusammenhang niher auf das Zeugnis der Tabelle 
einzugehen, mdgen wir fiir die folgende Darstellung nur den plétzlichen 
Frequenzsturz der Grossseeformen an der Braunii-Grenze betonen, 
sowie ihr erneuertes Aufbliihen in der Litorina. 


‘ Die eine mit den Hpithemie analog verlaufende Frequenzkurve zeigen. 

* Wie Hatpen kraftig betont, sind bei einer derartigen Exploatierung der Diatomeen 
nur Proben aus solechen Sedimenten zu beachten, die in relativ ruhigem Wasser, in Buchten 
und Lagunen, abgesetzt sind, also Ton und Gyttja, nicht aber Sand, dessen Vorkommen 
in einer Schichtenfolge auf kraftigerer Wasserstr6mung bei der Sedimentation hindeutet. 
Auch meine eigene Erfahrung bestitigt, dass Sandschichten immer launenhafte und will- 
kiirliche Diatomeenbestiinde fiihren. Daher ist die aus einer Sandschicht entnommene 
Probe N:o 727 aus den folgenden Tabellen und Diagrammen ausgeschlossen worden. 

* Von Belang und Interesse ist hierbei zu konstatieren, dass diejenigen zwei Formen, 
die den Frequenzfall am Litorina-Einbruch als eine sogar katastrophale Erscheinung 
bewahren, niimlich Hpithemia Hyndmannii und Gyrosigma attenuatum, meiner Erfahrung 
gemiiss gerade die schlechtsten Klarseewasserindikatoren der Tabelle sind. Dies gilt in 
erster Linie von der spiiteren Art, die ich in einem Profil aus Siidfinnland in einer ziemlich 
stark salzigen Litorina-Assoziation in sehr gutem Gedeihen befunden habe (4). Dass ich 
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Tab. I. Siisswasserformen. 


SA) SE a) A) wf AT] ) 9 a) a] wa] a) a) a] a] SQ] ala 
eee gele|sel|szsegeselelg2 
1. Grossseeformen. 
a. Grund- und Aufwuchsformen. 
Caloneis latiuscula . : | Lj} 1j+ 1 
Campylodiscus hibernicus . o | at Sh A at a 23 Voi al Ete ae 
OGUCICS marae eee ee Me ore Oi Ae Oipe OU Pei ail a 
Cocconeis disculus . BES Wee je | 
Cymbella prostrata . sey) eae 
sinuata Se leta|ate| ae 1 | 4 
Dipl. domblittensis c. v. subconstricta 12/13] 3} 8) 5) 8] 2 |-+- 
elliptica c. v. ladogensis +] 2) 5} 3) 5] 2 ae Hoes i 
Mauleri i 8}10)13| 9} 8|14 | 
Epithemia Hyndmanni : 2 2) 2) 2) 6-273) 7] Si Vl Te) 2) 4) 7 
Hunotia Clevet : vet ele ett aE 
Gomphocymbella ancyli 1j+] 2} 2) 2 2 
Gyrosigma attenuatum 11)10)12)11)11; 9} 4) 4] 4) |+)+} 2) 1) 2/4 + 
Kiitzingii A ; 2) 5b) 6) Qiseiae [ae ae 
Spencert v. nodifera ‘ 5| 9} 8) 3) 3} 2/+ 
Mastogloia Grevillei c. v. subconstr: +y/+)+}] 1} 1 
lacustris. ; 1} 1} 1) 2) i+ J+ eal | 
Melosira arenaria . PAN AL Pal PAL DA AN FPA 28 | ak SR SEs et) a hl al ++ 
Opephora Martyt _3| 5] 1) 5) 217] 1) 4 + i 
53/63 /56|56/49/55 |20)/20 J11| 2) 2) 1] 7} 9) 6) 1 1 
b. Planktonformen. 
Asterionella formosa . 5 
Cyclotella bodanica et C. Kiitzin giana 
v. Schumannti .. . ee NPT) Ge ete |i a Wiad 1 
Melosira granulata c. vy. angustis- 
sima . tse SPE ee goers Eanes 9 51415 
helvetica . . '. 23}11| 9} 8/10) 8 6| 4|+/+] 7) 6/20); 2}]+ ] 2 
Stephanodiscus astraea ¢. v. minu- 
tula . 1} 14) 2i4) 1} 2 ee See ah Be Te 
Tabellaria jenestr. + Vv. astersonelloides 2, + 10 a 
g6l12irol1i|11/10| 2|-+] sl 4 1j+| 9| 8/49 72 iT 
Summe |79|75|66/67|60|65 |22)20 }19| 6] 3} 1)16)17|55 3 | 218 
2. Kleinseeformen. 
Eunotia yibrigey* ae a 1 1) he || GaP a 
Gomphonema samtliche! + +|/+/+)+ ] 4! 8] 3 jE} 2) 1) 1 —T3 
Melosira viibrige»’ . Sis sal sy 
Navicula americana et NV. hacia ++] 5} 2} 
Neidium samtlichet . Se + f+ +] 
Pinnularia simtliche! . . . . . . | I+ +] 4/+ |] 3} 2] 1 il 3] 6] 6/15) 
Surirella yiibriges?. . . 2. 1. |+ +[2] 2} 7} 
ae | 
a) ale} al al a] aj] 4 +\+4] 2| al 1] 4] 9 figies 


1 Vel. die Fussnoten der Tabelle I. 
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Tab. III. Salzwasserformen. 


~ x 
gelgesglzalseegeese|ses 

1 Schwachsalzformen. |— : 

a. Lagunenformen. | 

Amphora mexicana v. major 2 =F lee date ate 

Anomoeoneis . : | 2 + 2,4) 1+ 

Caloneis formosa v. holmiensis Gra ee 1412] 1 

Campylodiscus clypeus . .... . 12}10) 4; 1} 2) 1) 1) 314 3{-+ 

Nitzschia circumsuta . | +]/2]4)| | 
scalaris * Cyt ish. etueoe al ee + + 1} 8} 2'+ 

Surirella striatula ........ ++ I+ | 214] 

+ | [12|/14| 4] 1/ 2/ 2| 1] 8/42] 8] 1 
b. Ubrige. 

Achnantes brevipes v. intermedia. . | +| 1)+ 

Amphora commutata. . . 2... I+ Spire. == Sir 
macilenta v. typica | Lh 

| Campylodiscus bicostatus . ores P bel | 4) 2) 2) | | J+ 
echeneis ... Niu reat ore | | +11} 6} 2) 5) 4) 2) 3] Ly+/+ 

Diploneis interrupta A ee | ee Ss 2iiesl cum Ge + 
Smithit cum v. rhombica . . . . | ea | +/+ | 7/14/23)12/11/17| 2) 7 “+ 

Gyrosigma distortum v. Parkeri eed Bae, 

Mastogloia baltica . +/+ J+} 1) 4) j4) 1 
Braunii Sek is Bones eae ere 9/12 }12)14) 7) 2) 2) 1) 1)/+ + 
lanceolata ... a are \-+|+] 

Smithii v. amphicephala Sa Atos | | aoe Vi} 

Navicula elegans... 1... «| =e | 
peregrina. . oes Ste pO ge a) at fal 2 fo 
punctulata v. cluthensis. . 2. | jl 
rhynchocephala | 3}+ + ]+ 

Nitzschia acuminata . Mess, ic | 1 
CUNGUIGTUS Melee ectues oe al ae j++ 
HOULOG EEO Bee ea tyes We 8 AS, | fee 2/11} 1); 2]+ 
sigma Sih cs eee eae Seas ab + 
BUS MOULEUS Bae me. oa te eee sk } | 
tryblionella . . . eal awe 1 + ]+ 

yn, Vactoriae Sy Ns eens) ee | + | 1} 1 9) 2) |+ 

Rhoicosphenia curvata . .. . . . 6\+ A Gr 

Rhopalodia gibba v. ventricosa . >a | + |+ +/+ ]-+ 
TLS OUULEY, Vk a eee eer § | J+} 1j+/+) 1+ 

Surirella ovalis 4. 
ovata : seis lj jt 
Synedra pulchella ; 1)+ 2|+- au 
tabulata | cies Lay 

+| |16/15 ]21/50|51|20/40 49/10/22 | 5| 3) 1 
Summe |-++ +} 16/15 33|64 55/21 42,51|11)/30 re 11} 2 
2. Starksalzformen, 
a. Grund- und Aufwuchsformen. 

Cocconeis scutellum 1 

Diploneis didyma . my SO 6 1 

Grammatophora oceanica . . . . . + 2); 8 

Melosira moniliformis . . . . .. 2)+) 6) 1+ + | 

Navicula digitoradiata . 1 O| 7] 1 

+ 2| 1} 6/10] 7) 3/10 
b. Planktonformen. i 
Chaetoceros . eee 
Melosira Westii fo. “parva . 2) 3158/11) 6| 3/ 9 
fe | | | | | 2] sjssiiaj 6] s} of | 
Summe va | | | 4| 4l6al2ili3| elo] | 


Se 
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Die Kleinseeformen iibergehen wir in diesem Zusammenhange mit 
der Feststellung, dass ihre Frequenz sich steigert beim Litorina-Kin- 
bruch, sowie, wie es sich gebiihrt, beim Hintritt des Kleinseestadiums. 
Thr sparliches Vorkommen im Anzylus-Horizonte muss hauptsiichlich 
als auf Ausschwimmung aus Alteren Sedimenten beruhend betrachtet 
werden. Die Fragilarien habe ich gar nicht mit aufgenommen, teils 
wegen der Leichtigkeit, womit diese winzigen Formen im fossilen Zu- 
stand, zufolge ihres Auftretens in langen Fadenkolonien dazu noch in 
ganz willkiirlichen Mengen, eingeschwammt werden, teils wieder, weil 
vereinzelte Formen dieser Gattung tieferes, sei es siisses oder salziges 
Wasser kaum scheuen diirfen. Higentlich sind sie doch in kleinen seich- 
ten Gewassern zu Hause, welches auch hier dadurch bestatigt wird, 
dass die Probe N:0 708 35 %, N:o 707 62 % und N:o 706 schon nicht 
weniger als 98 °% Fragilarien enthalt. 

In der Tabelle ITI sind zu einer besonderen Gruppe, »Starksalzformen», 
diejenigen Salzwasserformen ausgesondert worden, die meines Erachtens 
einen etwas grosseren Salzgehalt des Wassers als die Ubrigen erfordern. 
Wir richten hier unsere Aufmerksamkeit besonders auf die in der Probe 
714 plotzlich auftretende hohe Frequenz der kleinen Form von Melosira 
West. Dass ihre Hinreihung unter die Starksalzplanktonten richtig 
ist, geht daraus hervor, dass sie auf Aland in einer Cocconeis scutellum— 
Grammatophora — Hyalodiscus — Paralia sulcata- Assoziation hei- 
misch ist (5). 

Was schliesslich die Schwachsalzformen betrifft, so sind, um die 
Lagunenstufe in der Entwicklung des Balen-Beckens zum Ausdruck 
zu bringen, zu einer besonderen Gruppe diejenigen Formen von den 
iibrigen abgesondert worden, die meiner Meinung nach zu der auf die 
seichten Meereslagunen sich beschrankenden clypeus-Assoziation ge- 
horen. Hier bemerken wir das altere Maximum dieser Assoziation beim 
Clypeus-Hinbruche. 

Unter denjenigen Formen, die der Tabelle I gemiss in der Probe- 
serie reichlicher vertreten sind, fehlen aus den Tabellen II und III 
ausser den in friiherem Zusammenhange genannten, nur die folgenden: 

Epithemia turgida v. Westermann ist ausgeschlossen worden, weil sie, 
wenn auch bestimmt salzliebend, meiner Erfahrung nach keineswegs 


sie hier tiberhaupt mit aufgenommen habe, beruht darauf, dass sie beide ja jedoch in 
jener Gesellschaft eigentlich zu Hause sind. Gewissermassen gilt das Gesagte auch fir 
Melosira arenaria, ich will nicht behaupten deswegen, weil diese Form in brackischem 
Wasser etwa wiirde fortleben kénnen, sondern infolge der Leichtigkeit, womit ihre 
Schalen in kleine Bruchteile zerbersten, was sehr dazu beitrigt, dass diese Form sich so 
haufig in litorinalen Artenlisten findet. Daher halte ich sie auch fiir weniger geeignet 
als Prototyp fiir die Klarseeflora; als einen solchen méchte ich dagegen Diploneis Maulert 
vorschlagen. Der Ausdruck »Mauleri-Floray wire meines Erachtens demnach dem der 
Arenaria-Flora vorzuziehen. 
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siisses Wasser scheut. — Die Einreihung von Gyrosigma acuminatum 
und ihr var. gallica hat mir Schwierigkeiten bereitet. Beide sind sie 
wohl zuniichst als der Kleinsee angehérig zu halten (die Varietit ist 
doch auch als etwas halophil angegeben worden), aber ihre hohe Fre- 
quenz in der Lagunenprobe, ihr in der Probe 708 stark abnehmender 
und ihr verschwindend geringer Frequenzprozent in 707 wiirde in diesem 
Falle eher einen Anschluss zu den Lagunenformen motivieren. Da ich 
indessen keine geniigenden dkologischen Angaben itiber diese Formen 
gefunden habe, habe ich es als besser befunden, sie ganz auszuschliessen. 

Die Mastogloie miissen in diesem Zusammenhange zur niiheren Er- 
érterung gebracht werden. Ihr Vorkommen in nordischen Ablagerungen 
ist auf einen wenigstens schwachen Salzgehalt des ihn sedimentierenden 
Wassers zuriickgefiihrt worden. Beziiglich einiger Arten der Gattung 
ist aber diese Ansicht bekanntlich nicht stichhaltig; so hat Meister (8) 
in dem Genfersee Mast. Grevillei, M. Smithii v. lacustris, M. elliptica 
v. Dansei und v. punctata' rezent angetroffen. Dieselben sind nebst 
M. Smathii auch in verschiedenen floristischen Werken aus siissem 
Wasser angegeben; in nordischen Anzylus-Ablagerungen sind sie auch 
nicht allzu selten. Dass ich unter den Grossseeformen die zwei erst- 
genannten aufgenommen habe, beruht darauf, dass ich wenigstens sie 
fiir sogar salzfeindlich ansehe. Unter den Brackwasserformen sind 
M. baltica, M. Braunu, M. Smith v. amphicephala (mit Bedenken) 
und M. lanceolata aufgenommen worden, wahrend M. elliptica und die 
kapitierte Form von lacustris als in salzékologischer Hinsicht noch kaum 
sicher hinstellbar ausgelassen worden sind. 


Die Mastogloien als Indikatoren des Litorina- 
Umschlages in den Balen-Ablagerungen. 


Bekanntlich wurde von HatpeEn (6) auf Grund seiner hilsinglandi- 
schen Untersuchungen der Begriff der Mastogloia-Grenze aufgestellt, 
die dasjenige héchste Niveau repriasentieren wiirde, welches das salzige 
Litorina- Wasser in ausserhalb des Wirkungskreises der Litorina-Trans- 
gression gelegenen Gebieten einst erreichte.. In Anbetracht des oben- 
gesagten tiber das Gedeihen gewisser Mastogloien im Anzylus-See, 
kann jene Benennung aber kaum als treffend betrachtet werden. 
Zwar sind zur Begriindung des Terms Artenlisten aus einigen regional- 
untersuchten Lokalititen aufzubringen, wo manche Mastogloia- 
Formen gleichzeitig auf einem gemeinsamen obersten Niveau zuerst 
erscheinen, aber der Umstand, dass einige Formen der Gattung iiber- 


1 Wie CLEVE-EULER (3) bemerkt, falschlich als M. Smithii bestimmt. 


ea 
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haupt in stissem Wasser gedeihen kénnen, und im Anzylus-See zweifels- 
ohne gelebt haben, lisst meines Erachtens den fraglichen Term schon 
als weniger geeignet erscheinen. Es wiire richtiger, unter den Masto- 
gloien (oder anderen Gattungen!) diejenige héchst erreichende steno- 
haline (sensu Kose) Brackwasserform aufzusuchen, und die fragliche 
Grenze nach ihr zu benennen. 

Wohin ist nun das Grenzniveau der einbrechenden Litorina-Periode 
im vorliegenden Profile zu verlegen? Viele der Mastogloien sind im 
unteren Teile der Schichtenfolge zu finden, einige von ihnen kommen 
schon in der untersten Probe vor. Demzufolge ohne weiters denjenigen 
unteren Horizont der Lagerungsfolge als litorinal, d. h. als im »Masto- 
gloia~Meer» sedimentiert, aufzufassen, halte ich jedoch fiir unberechtigt. 
Man hatte doch erwartet, dass in solchem Falle, wie in der Regel ander- 
warts, wenigstens irgend eine einer anderen Gattung gehdrende 
Brackwasserform sich beigemengt hatte. Unter Zuhilfenahme vom 
Kreutztisch habe ich doch die (ausser N:o 727) sehr schalenreichen 
Priparate 729—720 genau durchmustert ohne Spuren derselben zu 
finden. Als solche halte ich nicht die vereinzelte Schale von Grammato- 
phora in 722, auch nicht die gleichfalls vereinzelte Schale von Nitzschia 
Victorie in N:o 721. Diese sind ohne Zweifel als aus pra-anzyluszeit- 
lichen Salzwasserablagerungen ausgeschwimmt aufzufassen; keinesfalls 
gehoren sie einer Brackwasser-Mastoglova-Assoziation an. Als »Yoldia- 
Fliichtlingy ist auch das in der Bodenprobe vereinzelt gefundene Frag- 
ment von Nitzschia scalaris zu deuten. 

Ganz anders stellt sich die Sache mit dem oberen Teil der Probeserie 
von N:o 719 an. Hin Blick auf das generelle Diatomeenverzeichnis 
lasst erkennen, dass in diesem Niveau Mastoglova Braunw, mit einer in 
Anbetracht der hier luxurierenden EHpithemia-Vegetation merklich 
hohen Frequenz, spontan einwandert. Aber auch im iibrigen zeigen 
die Tabellen einen deutlichen Assoziationswechsel bei 719. Jetzt zeigen 
sich zum ersten Mal ausser Mast. Braunia auch die Brackwasserformen 
Mast. baltica, Diploneis Smithii, Gyrosigma distortum v. Parkeri, Nitz- 
schia sigmoidea und Rhoicosphenia curvata. Zwar sind einige dieser Arten 
auch aus ganz stissem Wasser angegeben; ihr ausnahmsloses Auftreten 
erst in diesem Niveau nebst ihrer ausgesprochenen Salzliebe ist aber mei- 
nes Erachtens hier von entscheidender Bedeutung. Anderseits haben wir 
ja gerade hier den oben besprochenen Frequenzfall der Arenaria-Formen. 

Alle diese zusammenwirkenden Umstinde zwingen mich zur Be- 


1 Tech bedaure sehr, dass waihrend der Probeentnahme-Excursion Proben aus tieferen 
Niveaus nicht entnommen wurden, die das Verhalten der Mastogloien im fritheren Anzylus 


hatten erkliren konnen. 
Auch die Pollenanalyse bestitigt den Anzylus-Charakter jenes untersten Sediment- 


horizonts.° 
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hauptung, dass das erste brackische Litorina-Wasser erst zur Zeit des 
Absatzes der Probe 719 ins Balen-Becken eindrang. Dieses Grenzniveau 
nenne ich Braunii-Grenze. Hiermit will ich doch keineswegs 
behaupten, dass M. Braunii iiberall im Balticum sich als der erste 
ysicherey Litorina-Pionier erweisen miisse. Vielmehr lassen einige Lite- 
raturangaben schon vermuten, dass wenigstens M. baltica hoher hinauf 
reiche. Hieriiber sind aber nur fortgesetzte, umfassendere Unter- 
suchungen, in erster Linie regionaler Art, im Stande entscheidende 
Auskunft zu bringen. — Es wire iibrigens gliicklich, falls gerade M. 
Braunii als ein solches Leitfossil fiir den Litorina-Umschlag sich her- 
ausstellen wiirde, da diese Form, im Gegensatz zu den meisten der 
anderen Mastogloien, den pra-anzyluszeitlichen Salzwasserablagerungen 
fehlen scheint und da sie durch ihre Grésse und sehr charakteristische 
Schalenstruktur ausserdem die unter den baltischen Mastogloien am 
leichtesten erkennbare, ich méchte sagen, die einzige fiir einen nicht 
Diatomeenfachmann ohne weiters bestimmbare ist. Dies wire von um 
so grésserer Bedeutung, als die kiinftigen Diatomeenanalysen fiir geo- 
logische Zwecke sicher in immer grésserem Ausmasse von hierfiir nicht 
speziell Geschulten und an nicht gereinigtem Material (z. B. an Pollen- 
praparaten) ausgefiihrt werden. 


Der Landhebungsverlauf. 


In dem auf Basis der Tabellen IT und III gemachten salzékologischen 
Diagramm (Diagr. I, Fig. 3) reden die Kurven fiir sich selbst betreffend 
die quartire Entwicklung des Balen-Beckens. Folgen wir dem Verlauf 
der einzelnen Kurven, so finden wir zuunterst im Anzylus-Horizont 
das absolute Vorherrschen der Grosssee-Arenaria-Formen. Ihre Kurve 
erleidet an der Braunii-Grenze einen starken Fall, der sich nach Passieren 
der Clypeus-Grenze wiederholt. Beim Maximum der Starksalzformen 
sinkt die Kurve bis auf 1 °%, zeigt aber bald wieder ein in der Probe 711 
kulminierendes Steigen, und fiallt dann wieder gegen die Lagunengrenze. 
Kinen Gipfel zeigt die Kurve noch am Isolierungskontakte. — Die 
Kurve der Starksalzformen hat zwei Gipfel, von denen der untere 
wesentlich von dem dort reichlichen Melosira Westii-Plankton bedingt 
ist. — Die Kurve der Schwachsalzformen hat drei Gipfel, zwei das 
Starksalzmaximum flankierend, und einer in der Lagunenstufe. Wir 
bemerken wiederum, dass unter diesen Brackwasserformen die echte 
Lagunenflora ein deutliches Aufbliihen am Cl.-Einbruch aufweist. 

In gewissem Grade spiegelt dieses salzdkologische Diagramm auch die 
bathymetrischen Wechslungen wieder; um inzwischen die letzteren 
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deutlicher zam Ausdruck zu bringen, habe ich das Diagramm II, Fig. 4 
angefertigt, zunachst um das Verhalten der Planktonten zu beleuchten.! 
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, Die Auffassung vom Landhebungsverlauf, welche die beiden Dia- 
eramme zunachst beibringen, ist etwa die folgende: 

Die Bodenschicht des Profils ist ins p 4 t e r Anzylus-Zeit sedimentiert 

worden — vgl. das Vorkommen von Eunotia Clevei, das Leitfossil des 

1 Im Gegenteil zu dem vorigen ist dieses Diagramm auf Grund des generellen Diato- 


meenverzeichnisses gemacht worden. Nur diejenigen Formen sind hier mit aufgenommen 
worden, von denen ich einigermassen befriedigende dkologische Angaben bekommen habe. 
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spiten Anzylus —, unter fortgesetzter Regression des Anzylus-Sees, 
— die Frequenz der tieferes Wasser indizierenden Planktonten nimmt 
ab und diejenige das Seichtwerden des Wassers indizierenden Aufwuchs- 
formen nimmt zu —. An der Braunii-Grenze werden die danischen 
Sunde gedffnet und das erste salzige Litorina-Wasser dringt hinein. 
Die Regression kulminiert zu der Zeit des Cl.-Einbruches. Das Vor- 
kommen nicht bloss von reichlicher Campylodiscus clypeus nebst den 
anderen der echten Lagunenflora angehérenden Anomoeoneis, Amphora 
mexicana v. major und Nitzschia scalaris, sondern auch von in diesen 
Schichten reichlich beigemischten Kleinseeformen, deutet zuniachst 
auf eine bis zum beginnenden Lagunenstadium fortschreitende Regres- 
sion hin (vgl. unten). Jetzt setzt aber eine Transgression ein, der Pass- 
punkt des Balen-Beckens sinkt wieder und stiirker salziges Wasser 
dringt hinein; Lagunenformen und noch fortlebende Arenaria~Formen 
bis auf vereinzelte eingeschlimmte Individuen verschwinden. Bei 
714 erreicht die Transgression ihren Héhepunkt, worauf eine Regression 
wieder einsetzt. Diese bringt eine Versiissung des Wassers mit sich, 
die sich darin dussert, dass zuerst Brack-, dann Siisswasserformen in 
Anzahl zunehmen, mit Siisswassermaximum und Regressionshéhepunkt 
bei 711. Hierauf setzt eine zweite Litorina-Transgression ein mit wie- 
derum aufbliihender Starksalzvegetation (710). Kurz hierauf wird das 
Balen-Becken zu einer Lagune abgeschniirt und setzt seine Entwicklung 
bald darnach unabhingig von der Ostsee als Kleinsee fort. 

Wie ersichtlich steht die obige Rekonstruktion mit dem allgemein 
angenommenen Landhebungsschema gut im Einklang, bedarf aber 
jedoch in einigen Teilen niherer Auseinandersetzung. 

So schliesst sie eine an oder vielmehr gleich oberhalb der Cl.-Grenze 
beginnende Steigung des Wasserspiegels in sich. Dies ist an und fiir 
sich nichts neues. Da inzwischen der Balen-See wenigstens 10 Meilen 
nordlich von der bisher nérdlichst bekannten Lokalitat belegen ist, 
wo die Lit.-Transgr. als eine wirkliche Hebung des Wassers sich noch 
merkbar gemacht hat (21), bedeutet dies aber somit, dass die Wir- 
kung der Lit.-Transgr. linger nordwirts, als bis- 
herfestgestellt wordenist, sicherstreckte. Denn 
sonst ist meines EHrachtens das Vorkommen der tieferen Lagunenflora 
nicht zu erkliren. Hiergegen konnte man vielleicht einwenden, dass 
doch keinesfalls eine so grosse Regressionsamplitude in das iibliche 
Landhebungsschema sich einreihen liesse, wie es die Auffassung, dass 
das Balen-Becken schon in jener fernen Zeit im Begriff stand, sich von 


‘ Vgl. hiermit auch der Aufsatz THomassons: Ancylus- och Litorinagrianser pa geol. 
kartbladet Gusum (Geol. Foren. férh. 54, 1932) sowie SaNDEGRENS Beschreibung des 
Kartenblattes Skrikerum (8S. G. U. Ser. Aa, N:o 157). 
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dem Meere abzuschniiren, voraussetzen wiirde. Indessen ist die Lagu- 
nenflora ohne in diese Extreme zu verfallen auch in einer anderen Weise 
erklarlich, und zwar sogar besser. Unschwer lasst sich nimlich des 
Vorkommens einer auf héherem Niveau am Rande des Balen-Beckens 
befindlichen Lagune oder eher — in Anbetracht der in diesen Schichten 
reichlich vorkommenden Kleinseeformen! — eines schon isolierten 
Kleinsees denken, wovon jene Lagunenformen ausgeschwimmt worden 
waren. Aber auch diese Eventualitiit setzt eine in einem wahren Steigen 
des Balticums sich aéussernde Transgression voraus, denn wie wire sonst 
die Ausschwimmung der Sedimente eines bereits isolierten Tiimpels 
zu erklaren? Dasselbe bestitigt sich durch die Successionsfolge: Klein- 
seeformen—Lagunenformen, von unten her aufwarts im Profile; zuerst 
wurde die Oberflachenschicht des Kleinseesediments mit Kleinseefor- 
men, dann das unterlagernde Lagunensediment durch Abrasion be- 
seitigt. 

Wenn somit auch die oben besprochenen Verhiltnisse meiner Meinung 
nach deutlich auf eine an der Cl.-Grenze einsetzende Transgression des 
Balticums hinweisen, muss ich anderseits die Frage der spiteren mog- 
lichen Hebungen und Senkungen des Wasserspiegels dahingestellt sein 
lassen. Diejenigen iibrigen Maxima und Minima, welche die verschie- 
denen Kurven innerhalb der Litorina-Phase aufweisen, den zu- oder 
abnehmenden Salzgehalt des Meereswassers zeigend, indizieren nicht ohne 
weiters Trans- und Regressionen innerhalb dieses Untersuchungs- 
gebietes, sondern kénnen nur solche aus siidlicheren baltischen Gegenden 
wiederspiegeln und reprasentieren. So entspricht gemass des Ergebnisses 
der Pollenanalyse der spitere Gipfel der Starksalzformenkurve bei 711 
der u. a. aus Siidschweden gut bekannten zweiten Litorina-Transgres- 
sion.2. Ebenso muss die Frage nach der Transgressionsamplitude im 
Balen-Becken unbeantwortet bleiben; dariiber kénnen nur regionale 
Untersuchungen in der Gegend Auskunft geben. 

Zum: Schluss méchte ich nochmals die Aufmerksamkeit auf die 
merklich hohe Frequenz der Grossseeformen in N:o 711 richten. Dieses 
Vorherrschen der Siisswasserformen zeigt, dass das Balticum, 
wahrscheinlich infolge Seichtwerden der dinischen Sunde, wenigstens 
in seinen nordlicheren Teilen wihrend der den beiden 
Litorina-Transgressionen zwischenliegenden 
Regressionsperiode stark ausgesiisst war. Hine 
andere Erklarung dafiir kann ich nicht geben. Auf eine lokale Higen- 
tiimlichkeit dieses Balen-Beckens kann die erwahnte Erscheinung 


1 Vgl. besonders die hier plétzlich hohe Frequenz der Gomphonemen und Pinnularien. 
2 Wobei die Méglichkeit zu beachten ist, dass die Entwicklung dieses Maximums 
infolge einsetzender Lagunenstufe verfriiht hatte abgebrochen werden kénnen. 
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nicht zuriickgefiihrt werden. Keine Meeresabrasion oder Flusserosion 
von Anzylus-Ablagerungen kann hier stattgefunden haben, denn wie 
wire diesenfalls der Umstand erklarlich, dass, wihrend die Frequenz 
der Grossseeplanktonten im Anzylus-Horizont des Balen-Sediments 
(mit Ausnahme der Bodenprobe) niemals 16 % iibersteigt, diejenige 
Frequenz (vgl. Tab. II) in 711 sich auf 89 % von der Totalanzahl der 
Grossseeformen beliuft? Im Falle einer Ausschwimmung miissten die 
gegenseitigen Proportionen der drei dkologischen Gruppen des Diagr. II 
wenigstens annahrend bewahrt worden sein: Das Vorherrschen der 
Planktonten in 711 zeigt, dass nur die oberste Wasser- 
schicht des Balticums ausgesiisst worden war, 
als die zweite Transgression begann. 

Der Reichtum an Grossseeformen in N:o0 711 ist auch nicht auf etwaige 
zufillige Uberrepriisentationen einzelner Diatomeenformen zuriick- 
zufiihren. So etwas kommt ja vor, z. B. gerade betreffs der in diesem 
Horizont reichlichen Melosira helvetica wegen ihres Auftretens in Faden- 
kolonien; das Vorkommen eines einzigen laingeren Conobiums derselben 
kann leicht die Proportionen ganz verriicken. Inzwischen habe ich 
das Rechnen in verschiedenen Teilen jenes Praparats dreimal wiederholt 
und dabei iibereinstimmende Resultate erhalten. Ferner wird hiermit 
nicht die hier plotzlich hohe Frequenz von Stephanodiscus astrea er- 
klart, auch nicht das plotzliche Auftreten der gleichfalls echten Plank- 
tonten Tabellaria fenestrata v. asterionelloides und Asterionella formosa. 
Aber nicht nur jenes Priparat N:o 711 zeigt das Vorhandensein einer 
intralitorinalen Siisswasserepoche; die ganze von 711 an beginnende 
steigende Tendenz der »Arenaria-Kurve», sowie auch das jene Aus- 
siissung anzeigende Brackwassermaximum in 712, deuten darauf hin. 

Bis auf vereinzelten Angaben dariiber, dass das Wasser wihrend der 
Transgression salziger als wihrend der Regressionen gewesen wire, 
ist das Vorhandensein dieser scharf ausgepriigten Siisswasserepoche in 
der Litorina-Zeit bisher unbekannt oder wenigstens unbeachtet geblie- 
ben. Und doch fehlt es in der Literatur nicht véllig an Andeutungen 
iiber eine solche. Betrachten wir nebenstehendes Diagramm Fig. 5 
aus N-Satakunta in Finnland, von Aarto (1) auf der Basis von CLEVE- 
Kuters Diatomeenverzeichnisse angefertigt, so bemerken wir eine in 
allem Wesentlichen sehr gute Ubereinstimmung mit dem Balen-Dia- 
gramme. Die Diatomeen sind auf Bodenproben, die aus auf verschie- 


‘ Beide letztgenannten Formen treten noch im Priparate in Kolonien auf, und da 
in diesen die einzelnen Individuen nur lose in den Ecken an einander gefiigt sind, deutet 
auch dies auf eine autochtone Absetzung in relativ ruhigem Wasser, nicht aber auf eine 
mit kraftigerer Wasserstr6mung verbundene Ausschwaimmung hin. 

Die Kurve der Grossseeformen hat noch einen von Melosira granulata bedingten Gipfel 
in dem isolierten Kleinsee. Diese Art scheint somit engere Gewisser nicht ganz zu scheuen. 
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denen Hohen ii. d. M. gelegenen Mooren entnommen sind, bestimmt 
worden, und zeigen also regional dasselbe wie die Balen-Diatomeen in 
einem einzigen Punktprofil. Ohne darauf einzugehen, inwiefern wirk- 
liche Variationen der Wassertiefe stattgefunden haben oder nicht, 
sondern nur annehmend, dass Zu- bezw. Abnehmen des Salzgehalts siid- 
baltische Trans-bezw. Regres- 
sionen wiederspiegelt, gibt ™=ter 
AaRIO im Anschluss zu vai 10 20 30 40 50 60 70 80 90 100 2 
Hyyppds Ergebnisse aus der 
Karelischen Landenge das 
Brackwassermaximum auf ca. 
75 m und die beiden Salz- 
wassermaxima auf ca. 62 und 
ca. 50 m Hohe mit den 
Transgressionsbezeichnungen 70 
L I (Clyp.-Transer.), L Il 
und LIII ant Was indessen 
in diesem Zusammenhange 
speziell interessiert ist das 
zwischen den Brackwasser- 
gipfeln einfallende deutliche 
Arenaria-Maximum: Hine Rrierepernnc ee tases on Bee 
vollstandige Parallele zum Bee vue 
Verhiltnis in Balen. 4 : 

Piecemcclchow Parsileieg es Beiter olen ae ee 
ist es mir nicht gelungen in 
der Literatur aufzuspiiren; vielleicht macht jedoch das Arenaria-Maxi- 
mum bei 1.25 m Tiefe in SunpDELINS Diagramm aus Masebomossen 
(11, S. 74) eine solche aus. Dass jene Siisswasserepoche bisher so 
unbemerkt geblieben ist, erklirt sich einfach dadurch, dass Proben 
fiir Untersuchung nicht mit geniigend dichten Zwischenraumen ent- 
nommen worden sind. So wiirde die erwahnte Stisswasserschicht in 
den Balen-Ablagerungen auch leicht unbemerkt geblieben sein, falls 
die Proben nicht in Zwischenraumen von nur je 5 cm entnommen 
worden waren. Ein Memento fiir kiinftige Untersuchungen! 


50 


80 


99 


2 Aario glaubt also aus seinem Diagramm zwei verschiedene Transgressionen bei 
bezw. 75 und 62 m Hohe auslesen zu kénnen. Dies ist jedoch ganz unberechtigt, denn 
beide gehéren bestimmt einer und derselben an: Zuerst wurde das Wasser brackisch, dann 
allmahlich salziger, bis die Transgression bei etwa 62 m ihren Hohepunkt erreichte! 
Ganz wie in Balen also und wie in Schweden tiberhaupt, wo man allgemein mit nur zwei 
litorinalen Transgressionen operiert. 
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Teleconnections contra so-called telecorrelations 
By 
GERARD Dr GEER. 


(M. 8S. received April 8, 1935.) 

Though it is somewhat trying to the patience to continue a discussion 
where one of the parts never concedes his own mistakes and always 
anew concerning the other part postulates fictive assumptions from 
which he gets specious conclusions which, though carefully tabulated, 
are quite illusory, it may still be appropriate already here to add a few 
remarks concerning Dr Antevs’ last note in the preceding number of 
this journal. 

Having found, twenty years ago (1), that the really normal or solar 
registration by clay varves is equally well recognisable at great distances 
as at small ones, I found it suitable all the same to designate identifica- 
tions at greater distances by a special term as teleconnections. 
But, repeatedly, I have emphasised that there is no essential difference 
between close connections and teleconnections and that the latter are, 
in Sweden, often close-connected with each other by numerous inter- 
vening close-connections. 

The long series of corresponding varves, continually accumulating 
from the most different parts of the earth, seem to confirm, definitively, 
my assumption that the normal varve variations must be considered 
as a self-registration of sun radiation. Therefore even the greatest 
distances on our little planet were found to be totally neglectable and 
to have nothing to do with the immense but everywhere practically 
identic distance from the sun. Hence, teleconnection was a priori to 
be expected, the more so as I have shown, in spite of the assumption of 
some leading climatologists, that the annual means of recent air tempera- 
ture also exhibit most striking teleconnections (2, p. 5). As a closely 
correspondent varve registration is established between the northern 
and the southern hemisphere, and there from Patagonia as well as, re- 
cently, also from New Zealand and even from the equatorial region, it 
is evident that the variation was annual, embracing the melting epochs 
of a north- as well as a south-summer and also the annual variations at 
the equator. Thus it is not possible to restrain the climatic budget of 
our planet only to half a year or still less to the unknown lengths of 
the late glacial melt-summers at different latitudes. 
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To facilitate the apprehension of such parts of connected curves as 
I consider correspondent, I have strengthened them by heavy contour- 
lines and, in order to direct the attention and the discussion to such 
constellations of the curve variation as seem to be especially recognis- 
able, I have followed the practise used for the stars and designated 
several such constellations with special names. 

Further on I found that a special kind of variation was very conspic- 
uous and protruding in spite of different local influences. This varia- 
tion is biennial and often well developed, with every second varve 
thicker than its neighbours. It became soon evident that these biennial 
variations at different connected localities were confined to special 
corresponding rows of annual varves, but that, exceptionally, within 
these rows, at single localities one or another biennial maximum was 
obscured from some local influence and made incomplete by some local 
addition to one of the attending minimum varves. In such cases and in 
order to direct the attention of coming investigators on such a point, 
I have marked it expressly as an incomplete maximum. The difference 
between these and oblique or very low maxima is sometimes rather 
gradual, but their designation is generally made as a hint for continued 
investigations, and they are marked only where the normal occurrence 
of a biennial variation is made especially probable by the relation to 
associated biennial maxima in the same sequence, or in corresponding 
rows at different localities. Hereby I must emphasise that such a maxi- 
mum is to be reckoned, not from a postulated, seldom existing, horizon- 
tal basis but from a fluctuating line of sedimentation about as indica- 
ted by a line connecting the minima attending the maximum in ques- 
tion. Such a sloping attitude of the sedimentation curve occurs, as 
mentioned earlier, off the outlets of melt-rivers at oscillations of the 
ice-borders, and from different other local causes. ANTEVs’ rejection 
of such unsymmetrical maxima therefore is unfounded, as well as all 
his conclusions on such a basis. 

As to the biennial maxima, it may be appropriate here to quote 
a few words of what I recently have said concerning that scheme (2, 
pp. 19—20): 

»It is easily seen that these maxima do not represent one regular 
two-years’ period, but rather quite a number of different such periods 
with their maxima occurring sometimes on even and sometimes on odd 
years. 

»Already a rapid glance at the graph will show how the varying combi- 
nations of odd and even years’ biennial maxima as well as their likewise 
infinitely varying intervals in different countries and even different 
parts of the world are registered and generally in a quite exactly corres- 
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ponding way. Furthermore, during the whole long time in question it 
would be difficult to find such a repeated, hypothetical rhythm as has 
been suggested as a possible danger for teleconnection. 

»Whatever may be the cause of these remarkable biennial oscillations, 
they represent an undeniable, interesting fact, interfering with radiation 
from the sun. Being directly registered from several thousands of years 
and not only calculated from a short series of observations, they seem 
to suggest a universal explanation, no doubt to be found within our 
planetary system, may be from solar eruptions or clouds of cosmic 
dust. Anyhow, it will be rather remarkable if a hitherto unknown 
astronomic phenomenon should come out from the unpretending clay 
varves. 

»Whatever their origin, the biennial variations afford an excellent 
means of characterising and identifying different parts of the time 
scale. 

»For finding out teleconnections and datings of new-measured localities 
a diagram is first to be constructed in the ordinary way, beginning at 
the bottom or, if the graph is laid down, horisontally, to the right. 
Biennial maxima are marked out with thin crosses over those assumed 
to be on odd years and with heavy crosses over the other ones. Now the 
maxima in question are carried over on a paper with millimeter squares, 
representing single years. The maxima are given by small side lines, for 
odd years upwards and for even years downwards. By moving this 
local scale along the adjoined Swedish time-scale, it will be possible 
to connect and date the new-measured sequence, if this is of sufficient 
length and normal development, provided, of course, that he belongs 
to the published part of that time scale.» 

As to the remark of ANTEvs that a few varves on the original graph 
have been clipped or moved to their immediate vicinity, this is .al- 
ways clearly indicated and is in full accordance with the 
procedure which AnTEVS himself seems to use frequently under the de- 
signation correction of number (3, p. 47), or, in other words, 
of overlooked or supernumerary varves. As to such errata which are 
sometimes quite explainable, they have been discussed several times 
and have been designated as monograms, diagraphs and 
trigraphs (2, p. 50). As to the last kind, I have reminded. Dr 
Antevs of a special case in Stockholm, where at many different places 
and by three independent and very trained observers one special varve 
(the »skentrean» or delusive tripple) in one part of the region was subdivi- 
ded into three different varves. Thus itis by no means impossible that 
one single observer, Dr ANTEVS, can have been betrayed by a diagraph 
or a locally developed layer, simulating one extra varve limit, ANTEYS’ 
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diagraph at the constellation Thronos is on both sides enclosed 
between so long and good constellations that without hesitation, I have 
submitted this case to the judgement of coming investigations. Here 
may be reminded of several earlier cases, where it has been possible, by 
enclosing teleconnections, to fix accurately such gaps in the varve series 
as had been beforhand only approximately estimated by the original 
measurer. Especially must be emphasised some instances, where the 
length of several such gaps had been fixed and predicted by teleconnec- 
tion and afterwards, the figures already published, became exactly 
verified by new measurements in the field. This happened with telecon- 
nected varves in Iceland and in Argentina, and thus, also by a transe- 
quatorial teleconnection (2, p. 20). Even to those who cannot spare 
time enough for a sufficiently close study of the long series of correspond- 
ing teleconnected constellations such exactly verified prognoses ought 
to be irrefutable proofs as to the possibility of teleconnections even be- 
tween the opposite hemispheres. 

In the case of such facts it would seem more appropriate to submit 
the teleconnected constellations to a real, impartial study than to lose 
time upon unessential trifles, based on rather unnecessary misunderstand- 
ings. Thus it would be useful not only to pick up and support every 
remark against teleconnections but also to take part of the correspond- 
ing rectifications. 

This refers as well to the authentic nature of teleconnected varves in 
Sogn and in Denmark as also to the teleconnection with Hackensack 
and to my discussion of its geology (2, 4, 5). 

Dr ANTEvs seems to think that his criticisms have influenced my 
deductions, but in reality they have only led to more detailed expla- 
nations and graphic elucidations for making my preliminary, rather 
short publications more comprehensible. 

In his note here referred to he has used a full page figure for repro- 
ducing some years of my long diagram, which gives the biennial varia- 
tions of 4000 years from the late glacial epoch. As a confrontation he 
has given for the same years a corresponding graph, constructed accord- 
ing to his own interpretation of my principles. 

This confrontation is photographically reproduced on the adjoined 
Fig. 1, only with addition of a few remarks, of which the most impor- 
tant is a series of shadings, joining my biennial rows on a with those of 
Antevs on 6, Already these shadings show in a most obvious way how 
very insignificant indeed are such changes as ANTEVS has been able to 
propose, in spite of all his remarks. 

It is only at one single point at — 1073 to — 1075 that possibly two 
extra maxima could be added to my immediately adjoining group, so 
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that this group would extend over four maxima instead of two, while no 
change could be proved for anyone of the other fourteen groups. 

As indicated by small oblique marks, out of my 166 maxima three 
are to be excluded, and the same number to be marked as incomplete, 
while all those 19 which AnrEvs will add as overlooked are not accept- 
able, because they are quite local, as lacking correspondence at other 
localities, while the definitive proof of normal, biennial maxima is to be 
found exactly in their universal occurrence, of course where the curve is 
normally developed and not more or less obscured by local influences. 
ANTEvs will reject seemingly isolated maxima, but has overlooked that 
they correspond at other localities to more fully represented groups. 
When his supposed new maxima, which are devoid of such a support, 
are omitted, it is obvious that the confrontation in question has led to 
a most satisfactory verdict concerning the accused biennial variation, 
obviously confirming its characteristic occurrence with varied but well 
determined interstices. But for the reading of a registration in soft 
clay and with many sources of error a certain amount of judgement 
can not be dispensed of. 

With due respect to the possibility of local deviations and even 
completings by new measurements, the biennial maxima afford a very 
valuable means of rapidly finding out new teleconnections in the way 
described above, but the correctness of the connection is of course 
always to be controlled also by the correspondence of other character- 
istic varve variations. 

As to the case in question, it is rather symbolic that ANTEVS, who 
still seems to deny the reality of teleconnections, yet finds it necessary 
to give them another name, and a still longer one, in »telecorrelations». 
But he may have had a feeling that in reality this latter was something 
very different. 

As a conclusion it may be allowed to remind of the old truth: if you 
wish to defeat someone, it is not recommendable to paint his caricature 
on the wall and beat it, you will only hit your own hand. 
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Anmiilanden och kritiker. 


Metamorfosliran kontra den magmatiska teorien. 
Av 


Nits H. Magnusson. 


Med anledning av Prof. P. Gr1sers uppsats om »magmagaserna som for- 

medlare av regional metasomatisk omvandlingy har Dr N. Sunpius i senaste 
haftet av G. F. F. publicerat en uppsats om »magnesiametasomatosen och 
granatgnejsen)». Denna uppsats ar visserligen avsedd att vara ett bemétande 
ay GEIJERS ovannimnda inliigg i diskussionen om mitt foredrag pa Geol. 
For:s decemberméte 1934. I realiteten riktar den sig dock framst mot mig 
och den foérklaring av adergnejsbildningen i vistra Sérmland, vartill jag 
kommit genom mina undersékningar i Kantorps malmtrakt. Sunpius anser, 
att jag saknar sakskal for min forklaring, att denna forklaring icke air genom- 
tinkt etc. Genom dylika uttalanden kan Sunprus icke motbevisa mig, 
utan endast genom att visa att de iakttagelser, varpa jag bygger, dro felaktiga 
samt att den forklaring, vartill jag kommit, icke ar logiskt bindande. Vidare 
maste SuNpiuS lamna en mera tillfredsstallande forklaring in den jag fram- 
lagt. Endast pa sa sitt kan min forklaring skjutas at sidan. 
- Vid varje tillfalle sedan 1928, da gnejsernas problem kommit under debatt, 
har Sunpius framhallit som sin uppfattning, att gnejserna iro uppkomna 
in situ i samband med en magmatisk differentiationsprocess. Alltsedan jag 
blev medlem av Geologiska Foreningen, for 17 ar sedan, har jag forst av 
H. E. Jonwansson, sedan avy SunpDIvs, vintat att fa en verklig forklaring pa 
hur en dylik differentiationsprocess kunnat forsigga, vilken skulle ha givit 
oss adergnejserna och deras pegmatitmaterial men ej blott detta utan 
aven kalkstenar, skarnjarnmalmer och kvartsrandiga jarnmalmer. Nagon 
sadan férklaring har icke givits och ej heller 1 Sunpir senaste uppsats finner 
man den. Endast en stark tro pa teoriens riktighet. De avgorande detaljerna 
Atersta, enligt Sunprus sjalv, 4nnu att utforma, trots att teorien uppstilldes 
for 28 ar sedan. I detta sammanhang maste jag pa det kraftigaste patala 
att Sunprus i denna uppsats, liksom vid tidigare tillfallen, latit framskymta, 
att jag och andra anhangare av metamorfosliran arbeta med forutfattade 
arbetshypoteser och icke lata teorien framviixa allt efter som fakta hopa sig 
i falt. Den magmatiska teoriens anhangare skulle diaremot ha formagan att 
forutsittningslést iakttaga och samla fakta. I ett diskussionsinlagg efter 
mitt féredrag i jan. 1932 om metamorfosen i det mellansvenska urberget 
siiger dock Sunpius klart och tydligt ifran, att han utgar ifran, att 
vara gnejser icke aro regionalmetamorfoserade efter komplexernas en gang 
skedda bildning. Hur kan Sunpivs efter en dylik forklaring vara nog fér- 
miiten att siga sig icke arbeta med forutfattade meningar. Jag har framdragit 
detta for att om méjligt fa Sunprus att dverga till saklig polemik och upphora 
med nedsittande omdémen om andras sitt att arbeta. Nar Sunprus anvander 
dylika metoder, maste man géra den reflexionen, att sakskilen tryta. 
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I ett hinseende maste man dock vara Sunprus tacksam for den senaste 
uppsatsen, darfér ndmligen, att han latit sin nya uppfattning om det mellan- 
svenska urberget skymta fram i sina allmanna drag. Enligt denna uppfatt- 
ning skulle alla évergingar finnas mellan de in situ differentierade magma- 
massorna i vara gnejskomplex och urgraniterna och mellan dessa senare och 
en del av leptiterna. Leptiterna kulle endast till en del vara effusivbergarter. 
En stor del av dem skulle vara randfaciesbildningar till urgraniterna. Enligt 
Sunpivs skulle fullstindiga évergangar flerstides kunna konstateras mellan 
leptiterna och urgraniterna. Under 15 somrar har mitt arbete i falt framst 
varit forlagt till Bergslagen och jag har ingenstiides funnit dylika kontinuerliga 
évergingar mellan leptiterna och urgraniterna. Jag har flerstides funnit 
graniterna dverga i leptitartade randfacies, vilka i stuff ofta varit svara att 
skilja fran de effusiva leptiterna. Detaljobservationer ha dock alltid, aiven 1 
dylika fall, visat, att skarpa kontakter féreligga. Férf. misstainker starkt, 
att det, i de fall Sunprus syftar pa, kan vara fragan om dylika leptitliknande 
randfaciesbildningar till urgraniterna. Mellan dem och urgraniterna finnas 
naturligt nog alla évergangar. Inom gnejsomradena och 1 évergangsomra- 
dena till dem blir det diremot i allminhet synnerligen svart, ofta omdjligt 
att iakttaga de skarpa grinser, som ursprungligen férelegat. Att, sasom 
Sunpius gor, beteckna den férklaringen, att kontakterna i dylika fall blivit 
maskerade genom senare metamorfos, som en hjilphypotes i desperation 
ar i stil med hans évriga bevisf6ring, men kan e} i och for sig godtagas som ett 
bevis mot metamorfosliran. Forf. anser salunda, att hittills inga bevis 
framdragits fér att en stor del av leptiterna skulle vara randfaciesbildningar 
till urgraniterna. Att inom mera gnejsiga omraden svarigheter kunna upp- 
sta att skilja urgraniternas randbildningar fran de effusiva leptiterna ar 
snarare ett bevis for iin emot metamorfosliran. 

Att en kemisk frindskap férefinnes mellan leptiterna och urgraniterna 
ar ett allmint kant faktum, vilket alla forskare, som syssla med mellersta 
Sveriges urbergsproblem, iro eniga om och iiven rikna med vid sina fér- 
klaringsférsék. Att urgraniterna genetiskt héra samman med de effusiva 
leptiterna torde fiven vara en allmin asikt bland geologerna. Vanligen ut- 
tryckes detta sa, att urgraniterna utgéra de effusiva leptiternas motsvarande 
intrusivbergarter eller djupbergarter. Urgraniterna iro alltid yngre an an- 
grinsande leptiter och av allt att déma maste de iven vara yngre fn gra- 
vackorna och skiffrarna, vilka, atminstone inom de viistra delarna av Bergs- 
lagen (Varmland, Orebro lin och sédra Dalarna), uppbygga en dvre sedi- 
mentir etage. Icke ens i det innu yngre konglomeratet i Grythyttefiltet 
ha bollar av granit kunnat iakttagas, vilket gér det sannolikt att aiven detta 
konglomerat ir aldre an urgraniterna. Detta visar, att en kraftig sedimenta- 
tionsperiod infallit mellan de vulkaniska leptitbergarternas uppkomst och ur- 
graniternas framtrangande till sina liigen. Trots den kemiska frindskapen 
och det genetiska sambandet finnes salunda en vasentlig skillnad till tiden 
mellan de vulkaniska bergarterna och urgraniternas framtringande. Detta 
ar en viasentlig sak, som starkt talar emot Sunpr nya forklaringsférsék av 
det aldre urberget i mellersta Sverige, enligt vilket leptiterna och urgrani- 
terna dven till tiden skulle vara niérmare sammanknutna. H. E. Jonansson, 
som betraktade urgraniterna och leptiterna som differentiationsprodukter 
in situ ur samma magma, var konsekvent nog att inse, att i sa fall aven 
gravackorna och skiffrarna miste vara dylika magmatiska produkter, en 
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konsekvens som Sunpivus dnnu synes rygga tillbaka for, men som synes mig 
forr eller senare bliva lika oundviklig for honom som den var fér JOHANSSON. 

Emedan Sunpius annu anser hilleflintorna och en del av de mera fin- 
korniga leptiterna vara effusivbergarter, maste han for de omraden, dir 
dessa upptrida, godtaga ett flertal omvandlingsprocesser sisom kontakt- 
metamortfos fran urgraniterna liksom fran de yngre graniterna samt magnesia- 
metasomatos. Sa synes SuNprus, om iin med tvekan, godtaga de metaso- 
matiska omvandlingar jag beskrivit i Persbergs malmtrakt. Genom inten- 
sivare omvandlingar av samma slag uppkomna bergarter inom andra delar 
av Bergslagen tyder han antingen som intrusivbergarter tillhdrande urgranit- 
serien eller som uppkomna genom sent kristalliserande och mineralombil- 
dande lésningar, som funnits i leptitbergartens hela massa. 
Hur Sunpius ur Geers beskrivning av Falu gruvor kunnat komma fram 
till den forklarigen, att den malmen omgivande och delvis iven malm- 
forande kvartsiten utgér en intrusivkropp ar mig en gata. Denna for- 
klaring leder iiven fram till, att de vid kvartsitbildningen drinkta kalk- 
stenarna och skarnbergarterna, vilka upptrida samman med kalkstenarna, 
aven tillhéra intrusivkroppen som differentiat ur denna, en i hégsta grad 
osannolik férklaring. 

Sunpius anfér vidare det av H. E. Jonansson beskrivna Flogberget som 
ett antagligt exempel pa en direkt kristallisation in situ av sadana bergarts- 
typer, vilka vanligen skildras som senare metasomatiska omvandlingsberg- 
arter. Forf. har under senare ar i samband med karteringsarbeten fér det 
geologiska kartbladet Smedjebacken haft tillfalle att ingaende studera lep- 
titformationen inom de trakter, dir Flogbergets intressanta fyndighet ar 
belagen. I leptitformationen triffas dar flera falt av metamorfa skiffersedi- 
ment, underlagrade av gravackebergarter pa samma sitt som inom Gryt- 
hytte-, Saxa- och Stalldalenfalten och i leptitkomplexen under sedimenten 
traffas flerstides lager av otvivelaktiga agglomerat samt av kalkstenar, 
varfor intet tvivel torde behéva rada om att leptitformationen i dessa trakter 
bestar av ytbildningar. Detta giller iiven de bergarter, leptit och kalksten, 
vari Flogbergsfyndigheten dr beligen. Den in-situ-differentiation, som 
Sunp1vs, i enlighet med H. E. Jonanssons tidigare forklaring, finner antag- 
lig, skulle salunda ha forsiggatt 1 en ytbergartskomplex, 1 en lavabergart. 
Ej blott de gedrit-cummingtonit-antofyllitforande delarna av omgivande leptit 
utan Aven malmerna, skarnmineralen och kalkstenarna skulle vara differen- 
tiationsprodukter in situ i en lava, en enligt min mening absurd tanke. Stu- 
derar man omradet ifraga i ett stérre sammanhang, finner man fran trakterna 
S om Hagge éver Hillensjéarna mot Skisshyttan och trakten N darom fler- 
stiides regionala omvandlingar av leptitbergarterna till gedrit-cummingtonit-, 
ofta iiven cordieritférande bergarter. Att det hir ar fraga om omvand- 
lingsbergarter framgar med all énskvird tydlighet av de faltgeologiska iakt- 
tagelserna. Alla dvergangar finnas mellan ej omvandlade, svagt omvandlade 
och starkt omvandlade bergarter pa samma satt som inom Filipstads bergs- 
lag, dir SuNDIUS, som némnt, anser processer av metasomatisk art vara taink- 
bara, och rester av oomvandlade leptiter triffas inne 1 omvandlingsbergar- 
terna. Granszonerna fér omvandlingsbergarterna skiira ofta dver den 1 leptit- 
formationen iakttagbara parallellstrukturen, 6ver agglomeratlager o. s. v. 
Samma skal, som tala for de metasomatiska omvandlingarna i Persberg, dro 
anvandbara och kanske i annu hégre grad inom omradena O om Ludvika. 
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Att omvandlingsbergarterna visa en sidan stark variation vid Flogberget 
beror pa, att omvandlingen dar triffat en aldre skarnjirnmalm, upptradande 
samman med kalksten. Jag finner dirfor den Jonansson-Sunviuska for- 
klaringen av Flogbergsfyndigheten ohallbar. Sunprus synes i sin allmainna 
forklaring av mellersta Sveriges aldre berggrund séka riidda Grythytte- 
faltets och de svagare metamorfa leptitomradenas natur av ytbildningar 
samtidigt som han sdker ridda si mycket som mdjligt av H. E. JoHanssons 
magmatiska teori. Detta leder dock till den ena inkonsekvensen efter den 
andra. Exemplet med Flogbergsfyndigheten ir endast ett exempel bland de 
manga, som skulle kunna framdragas. 

Sunpius framdrager aven Myrbackstypens malmer i Riddarhyttefialtet 
till férnyad diskussion. Under det att han tidigare anslutit sig till GrIsERs 
teori, att Myrbacksmalmernas material levererats av urgraniterna, anser 
han nu, att nimnda typs bade malm- och skarnmineral hirréra fran den om- 
givande sidostenens magma. Férf. hade sistlidne sommar tillfalle att till- 
sammans med Prof. GrrsER, som tidigare limnat en ingaende beskrivning 
dirav, studera Riddarhyttefiltet, och dess skilda malmtyper. Fér Myrbacks- 
typens malmer kom jag till den bestimda évertygelsen, att det ar fraga om 
starkt omvandlade kvartsrandmalmer. Dir dessa fro bittre bevarade, 
sasom i Sjéorten och andra stillen, upptrider iiven blodsten 1 malmen, och 
den ursprungliga randningen ar ofta synnerligen vil bevarad. Den metaso- 
matiska omvandlingen med biotit-almandinbildning, kvartsitbildning ete. 
har skett i samband med en mer eller mindre riklig kisimpregnation. De 
randiga blodstenar och svartmalmer, som hir och var iakttagas samman med 
Myrbackstypens malmer, utgéra bittre bevarade delar av de ursprungliga 
sedimentiira malmerna och férbinda dessa niira med 6vriga sedimentiira 
malmer inom omradet (Blakulla-, Korpgruve- och Haraldsjétyperna). Jag 
kan e] se annat in att fiven dessa, av GEIJER som sedimentiira tydda malm- 
typer, under dessa férhallanden av Sunpius maste fa samma genetiska fér- 
klarmg som Myrbackstypens malmer. Blakullatypens malmer fro synner- 
ligen nara besliktade med de av Sunprus beskrivna Sangsmalmerna, vilka 
av honom tydas som sedimentiira. Det synes mig dirfér som om Sunpi nu- 
varande uppfattning konsekvent skulle leda till ett f6rnekande av férekomsten 
av sedimentiira malmer 6ver huvud taget i den mellansvenska leptitformatio- 
nen, aven for de delar dirav, vilka innu av Sunprus betraktas som varande 
ytbildningar. Jag har framdragit detta exempel fér att ytterligare visa att 
Sunpius icke insett, vilka langt gaende konsekvenser som félja med hans 
nya installning till de malmgeologiska problemen i Bergslagen. 

Mot Sunpi uppfattning, enligt vilken allt mer och mer ryckes in bland de 
djupmagmatiska fenomenen, vill jag stiilla min egen uppfattning, enligt 
vilken vi fran bérjan hade endast nagra fai enkla jarnmalmstyper, nira sam- 
manhérande med den vulkaniska verksamheten. Dessa jirnmalmstyper 
ha sedan omvandlats mer eller mindre kraftigt i samband med en eller flera 
omvandlingsprocesser. Det iir dessa omvandlingsprocesser, som skapat de 
stora strukturella, kemiska och mineralogiska malmtypsvariationer som de, 
malmforande delarna av mellersta Sverige nu uppvisa. Dessa omvandlings- 
processer kunna med litthet studeras i falt och, iiven om vi icke for nirvarande 
kunna i allo férklara varje detalj i de kemiska och mineralogiska forindringar 
de astadkommit, dr detta intet skil att bortférklara dem pa ett sitt, som 
strider mot artiondens samlade erfarenhet. 
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Vad fragan om Sérmlandsgnejsernas bildning betriiffar, skulle jag kunna 
hanvisa till min under arbete varande uppsats om Berggrundsproblemen 
inom Kantorps malmtrakt. Da Sunprus emellertid i en mycket. visentlig 
fraga tillagger mig en uppfattning, som jag aldrig muntligen eller skriftligen 
uttalat, anser jag mig tvungen att med nagra ord beméta hans kritik aiven i 
gnejsfragan. SuNDIUS siiger, att jag tidigare tinkte mig, att omvandlingen 
av vastra Sérmlands bergarter till adergnejser skulle ha orsakats av Stock- 
holmsgraniterna, fran vilka de nédvandiga lésningarna levererats, men att 
jag senare tillgripit den hypotesen, att omradet i stort underlagras av en gra- 
nitmassa, fran vilken de erforderliga losningarna harstamma. I min uppsats 
om metamorfosen i det mellansvenska urberget framholl jag, att »en revision 
av Sérmlands gnejskomplex skulle visa, att yngre graniter tillhérande Fellings- 
broserien spela en mycket stor roll och att deras medverkan vid skapandet av 
pegmatitgnejserna varit visentlig. Detta far ej tydas sa, att allt det pegmatit- 
material, som upptriider pa en mangfald olika satt i gnejserna, skulle ha 
kommit fran graniterna.. I sjilva verket torde detta, om man ser pa kom- 
plexen i dess helhet, vara underordnat gentemot det material, som genom 
graniternas tillskyndan mobiliserats inom de dldre bergarterna sjalva.» 
Genom mina under de trenne féljande somrarna gjorda undersdkningar inom 
Kantorps malmtrakt ha mina synpunkter férandrats sa tillvida, att jag 
funnit, att de yngre graniter, som upptrida inom denna malmtrakt, sjilva 
maste ha alstrats i samband med de processer, som skapat gnejskomplexens 
pegmatitmaterial, vilket an upptrider som adror, 4n som mera rorliga, 
intrusiva massor.. Bade adrorna och de yngre graniter, som sammanhinga 
med dem, iro att betrakta som palingena bildningar, det vill siiga: de ha 
uppkommit ur berggrunden sjilv. Dessa intrusiva graniter liksom de grani- 
tiska lésningar, som astadkommit de metasomatiska omvandlingar, vilka 
félja pegmatitiseringen at, maste ha kommit fran djupare liggande 
pegmatitiseringsh&ardar. Nagon subkrustal granitmassa har jag 
aldrig antagit och jag anser det icke heller nédvandigt att antaga en sadan. 
Sunni kritik av teorien om den subkrustala granitmassan visar salunda, att 
han ej férstatt eller velat forsta min forklaring, och hans kritik gar darfor 
vid sidan om den forklaring jag lamnat av adergnejsbildningen inom Kan- 
torps malmtrakt. 

Att de yngre graniter av den typ, som upptraider inom Kantorps malmtrakt, 
samt de i stérre massor upptridande pegmatiterna iro nira forbundna med 
adergnejserna sjailva synes emellertid Sunprus och jag vara ense om. Vara 
forklaringar skilja sig diremot vasentligt fran varandra. Sunprus utgar, 
sisom han sjalv, som niémnt, klart framhallit, fran att vara gnejser icke dro 
regionalmetamorfoserade efter komplexernas en gang skedda bildning. Han 
har dirmed i realiteten i forvag bundit sig for det magmatiska askadnings- 
sittet och han har tydligt framhallit som sin mening, att enda vagen att na 
resultat inom gnejsterringerna dr en kemisk kartering enligt H. HE. Jonans- 
SONS principer. Jag anser daremot, att de successiva 6vergangar, som kunna 
konstateras ej blott mellan gnejserna och urgraniterna utan aven mellan 
gnejserna och leptitformationens bergarter tala sitt tydliga sprak, att gnejser- 
na uppkommit genom metamorfos av urgraniter och. till leptitformationen 
hérande bergarter (leptiter, skiffrar, kalkstenar och jarnmalmer). Dessa 
successiva strukturella Overgangar kunna icke forklaras av den magma- 
tiska teorien. Jj heller kan denna teori férklara de reliktpartier av ovan 
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nimnda bergarter, som i riklig mangd kunnat iakttagas inom Sormlands- 
enejserna. 

Om de faltgeologiska iakttagelserna salunda 
tala sitt tydliga sprak till forman foér metamor- 
fosliran, maste de kemiska och mineralogiska siar- 
egenskaper, som Sérmlandsgnejserna uppvisa, Sam- 
manhinga med omvandlingsprocesserna. Detta ar, vad 
jag kan finna, en logiskt bindande tankegang, som dessutom stédes av de 
filtiakttagelser jag kunnat gra inom Kantorps malmtrakt. Fiiltiakttagelser- 
na peka dessutom bestimt i den riktningen, att de kemiska féraindringarna 
intraiffat i samband just med den pegmatitiseringsprocess, som givit oss 
Adergnejserna inom Kantorps malmtrakt och diirmed iro vi framme vid an- 
tagandet av metasomatiska materialférflyttningar sisom orsak till de ke- 
miska siregenskaper som Sérmlandsgnejserna uppvisa. Jag har med detta 
resonemang velat visa, att om man kommit till den slutsatsen, att gnejserna 
fatt sin nuvarande utbildning genom senare metamorfos, bli, med den utbild- 
ning och sammansittning Kantorps malmtrakts adergnejser hava, de meta- 
somatiska materialomsittningarna en logisk nédvindighet. 

Aven om jag for Sérmlandsgnejserna i gemen skulle ha 6verdrivit betydel- 
sen av dessa metasomatiska omsittningar genom att underskatta skiffer- 
inslaget 1 gnejskomplexen, kan man icke komma ifran, att metasomatosen 
spelat en stor roll. Icke ens Sunprus synes mig ha kunnat frig6éra sig fran 
densamma, aven om han férligger omsittningarna till det senmagmatiska 
stadiet, under det att forf. pa grund av de filtgeologiska iakttagelserna ser 
dem som ledienmetamorf differentiation vid hég tem- 
peratur och pa stort djup. 


Till fragan om den mellansvenska magnesiametasomatosen. 
AV 
PER GEIJER. 


Uti Dr Nits Sunprus’ uppsats »Magnesiametasomatosen och granat- 
gnejsen», 1 Férhandlingarnas senaste nummer, upptagas till diskussion flera 
sidor av den mellansvenska magnesiametasomatosen, delvis i direkt anknyt- 
ning till mitt inligg i fjolirets sista hafte. Med tillfredsstiillelse kan jag nu 
konstatera, att Sunprus’ uppfattning i vissa fragor ej si mycket avviker 
fran min egen, som hans muntliga inligg i diskussionen °/,, 1934 kom mig att 
formoda. Genom Sunpivs’ uppsats har emellertid diskussionen ytterligare 
utvidgats, och nagra sidor i hans framstiillning foranleda mig att anyo taga 
till orda. 

Forst ett fortydligande. Sunprus siiger sig icke hava nagot att erinra 
emot teorien om en magnesiametasomatos i och for sig, utan endast mot vad 
han kallar yen icke genomtiinkt och osannolik tillimpning av teorieny. DA 
han i detta sammanhang iiven hiinvisar till mitt inlagg, ar det mig ytterst 
angeliget att betona, att jag icke vill identifieras med denna formulering. 
Over huvud taget vill jag ej utan nédtvang uttala nagot bestamt stiillnings- 
tagande i en fraga, dir ej] mina egna erfarenheter dro atminstone nagorlunda 
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jamforliga med 6vriga diskuterande parters. Naturligtvis anser diven jag, att 
overdrifter betraffande de metasomatiska omsattningarnas roll fro att und- 
vika. Men jag vill understryka, att de dverdrifter, som kunna ifragakomma, 
mestadels aro sa att siga mera kvantitativa an kvalitativa. Faran av att 
underskatta de metasomatiska processernas betydelse ar stérre. Om man 
uppfattar en metasomatiskt forindrad bergarts sammansittning sisom pri- 
mar, sa infor man, exempelvis i behandlingen av magmatiska differentia- 
tionsprocesser, felaktiga termer i ekvationen. 

Mycket av vad Sunp1us nu har att anfora, exempelvis rérande forhallandet 
mellan leptiterna och urgraniterna, undandrager sig kritisk diskussion, tills 
dess att iakttagelsematerialet presenterats. Jag vill emellertid livligt instim- 
ma 1 den grundtanken, att ett mycket nira genetiskt sammanhang 
foreligger mellan dessa bada bergartsgrupper. Denna Asikt, som Sunp1us 
fortraffhgt framhallit i en tidigare publikation,? stédes Aven av mina egna 
erfarenheter under de senaste arens arbeten. Samma erfarenheter féranleda 
mig emellertid att varna mot den tendens, som jag skulle vilja uttrycka sa, 
att den riskerar att ersitta sammanhanget med en sammanblandning. De 
passa bittre ihop med den uppfattning, som Sunprus formulerat i Grythytte- 
monografien, enligt vilken den sedimentira etagen ovanpa leptiterna markerar 
en hiatus mellan de bada ifragavarande eruptivgrupperna.? 

Jag maste dven reagera mot en sidan formulering hos Sunpius som 
denna (rérande grinsférhallanden mellan leptit och urgranit): »Overgangen 
ar i vissa fall sa tydlig, att teorien om en maskering genom metamorfos 
endast kan betraktas som en hjalphypotes 1 desperation.» Jag vet ju ej, 
vilket fall som avses, och det ar ingalunda sakert, att jag skulle stilla mig 
pa den standpunkt, som Sunpius kritiserar. Snarare foérmodar jag — med 
hansyn till mig bekanta fall — att en motsittning i uppfattningarna kunde 
befaras dirutav, att leptit kan givas en enbart petrografisk eller en bade geo- 
logisk och petrografisk innebord. I det senare fallet, d.v.s. om en leptit 
skall vara ett led i den suprakrustala formationen (vilket jag anser vara den 
riktiga anvandningen av termen), har jag mig ej] bekant nagon évergang 
mellan urgranit och leptit. I det forra ater, om termen leptit blott avser en 
bergart av viss sammansattning och struktur, sa maste vissa randzoner 
hanforas till leptitbegreppet, och dessa randzoner kunna, om angrdn- 
sande leptitformation har samma kemiska karak- 
tar, blott med stor svarighet faltgeologiskt skiljas fran sagda formation. 
Mansklig oférmaga att urskilja en grins innebaér dock ingen garanti for, 
att en dylik ej forekommer eller forekommit. Med allt erkénnande av att 
jamforelsen nagot haltar, vill jag erinra om Sunpivs’ egen standpunkt i ett 
annat fall (s. 103), dir han om vissa vattenrika magmor sdger att de »maste 
antagas béra aterverka omvandlande pa sidosten och inneslutningar, dyme- 
delst maskerande sina granser, pa grund av sitt rika innehall av lattflyktiga 
amnen». Skillnaden i argumentationens birkraft synes mig ej vara sa stor 
emellan vad som betecknas sisom »en hjalphypotes i desperation» och vad 


1 Jag undantager sidana hypoteser som den (i Amerika framforda), att pegmati- 
ternas genomvaxningsstrukturer skulle vara uppkomna p& metasomatisk vag. Dylikt 
hér till vad jag vill beteckna s4som aven kvalitativt fel. 
2G. F. F. 48: 572. 

3 §.G.U., ser. C, no 312, s. 219. 
4G. F. F. 57: 96. 
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som presenteras sisom ett virdefullt nytt uppslag, att det citerade uttrycket 
har nagot i framstiillningen att gora. 

Den med sulfidmalmerna férknippade magnesiametasomatosen behandlas 
av Sunp1vs sirskilt i tvé avseenden. Den ena sidan giiller forefintligheten av 
»lagmagmatiska» differentiationsprodukter, upptriidande i samband med 
de metasomatiskt verksamma lésningarna. Den andra sidan giiller méjlig- 
heten att magnesiametasomatos, analog med den till urgraniterna anknutna, 
forsiggatt Aven i nirmaste anslutning till leptiterna. 

Sunpivs beriiknar, genom ett teoretiskt resonemang, att en fraktionering, 
som producerat sadana lésningar som de, vilka astadkommit magnesia- 
metasomatosen, ocksé maste resulterat i fraktioner med relativt lag halt av 
»lésningsmedely, salunda nirmast magmalésningar med en genom flyktiga 
komponenters narvaro starkt nedsatt temperatur. Man kan naturligtvis 
tveka angaende lampligheten att anviinda termen magmatisk for dylika fall. 
»Pneumotektisk» har ju framforts i syfte att undvika missférstand. Emellertid 
spelar ju namnet mindre roll, nar man ainda har gjort klart for sig, vad man 
menar. 

Jag ar fullstandigt ense med Sunprus diruti, att dylika bildningar fore- 
komma, och att de i vissa geologiska miljder na en mycket stor betydelse. 
Da jag emellertid icke kan félja Sunprus med avseende pa det omrade, 
som nu nirmast beréres av diskussionen, kan det mahinda vara till hjalp 
for émsesidig férstaelse av synpunkter, om jag forst nagot uppehaller mig 
vid andra omraden, diir meningsskiljaktigheterna 1 jimférliga fragor torde 
vara mindre. 

Sedan tjugofem ar tillbaka har jag forfaktat en tolkning av jirnmalmerna 
av Kirunatyp sasom »restmagmor». Det har darvid visat sig, att termen 
»magmatisk» haft mycket litt att sla igenom, men att den lika viktiga »lag- 
magmatiska» tendensen 1 malmdifferentiationen vanligen ej tillrickligt upp- 
mirksammas. .Det forutan far man emellertid en alldeles skev bild av diffe- 
rentiationens natur och av 6vergangarna till andra malmtyper. I dessa 
sammanhang har jag kritiserat anviindningen av termen hydrotermal fér 
sadana fyndigheter som Iron Mountain (Missouri), och sirskilt vant mig 
emot obefogad extrapolation av tolkningen av de i begriinsad skala konsta- 
terade metasomatiska f6reteelserna vid manga hithérande fyndigheter. 

Kisfo6rande differentiat av besliktad natur har jag studerat i Jarnboas,? 
dar jag fann en fortsittning utav den av Sunpius i Grythyttetrakten stude- 
rade kisgruppen, jiimte nagra nya varianter. Diremot misslyckades ett fér- 
sok att vid kisfyndigheterna pa Karlberget i Frostviken erhalla nagra data, 
som kunde belysa just grinserna mellan lagmagmatisk kristallisation och 
metasomatisk malmbildning. 

Da Sunprus nimner analogier fran fjillen, ma ocksa papekas, att fjall- 
kedjans kisfyndigheter erbjuda typiska svarigheter vid avgérandet av. de 
olika processernas roll. Den standpunkt, som kunde néja sig med titeln 
magmatisk differentiation», ir ju sen linge dvergiven. Differentiationens 
atminstone till stor del lagmagmatiska natur samt de metasomatiska proces- 
sernas nu insedda kvantitativa betydelse giva problemet en mycket mera 
brokig aspekt. (Man jimfére nyare arbeten av Fostmm, THorotr Voer, 
CarsteNns, AtvAR Hoéexom, m. fl.). Det framgar emellertid ocksi med all 


1 Jfr S. G. U., ser. C, n:o 867, s. 27—29. 
2 Zeitschr. f. prakt. Geol., Bd 36, 1928, H. 10—11. 
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tydlighet, att man ifraga om sjilva malmbildningen maste rikna med injek- 
tion 1 vissa fall och med metasomatos i andra. 

Samma tolkningsméjligheter komma under diskussion, da det giller kis- 
fyndigheterna i Huelva. Fér dessas vidkommande féreligga dock endast 
svaga skal for en magmatisk tolkning. Sa t. ex. gjorde den argumentation i 
dylik riktning, som framférdes vid geologkongressen 1926, ett intryck av 
ganska pafallande svaghet och ytlighet, liksom for dvrigt de filtiakttagelser, 
som vid samma tillfiille blevo méjliga, avgjort talade for en metasomatisk 
tolkning.1 

Det torde emellertid av ovanstaende framga, att jag ar fullt pa det klara 
med att »lagmagmatiska» intrusioner samt metasomatiska processer kunna 
forekomma i néra samband med varandra, 4vensom att proportionerna dem 
emellan kunna vaxla inom de vidaste granser. 

Nar det giller de mellansvenska sulfidmalmerna ar dock min erfarenhet 
den, att metasomatosen dominerar mycket starkt. Till sidana produkter, 
vilka icke béra tolkas sasom metasomatiska, kunna blott hinféras en del 
gangformigt upptriidande kvartskroppar, ofta med sulfider, stundom med 
andalusit eller turmalin, undantagsvis med cordierit; mahinda kunna iven 
vissa smirre kompakta sulfidkroppar vara jimférliga. Ovisst ar, huruvida 
dessa bildningar uppkommit vid sidan temperatur, att termen »lagmag- 
matisk» ar tillatlig och ej bor ersittas med hydrotermal. Metasomatiska dro 
emellertid i alla hindelser icke kvartsgangarna. Det kan papekas, att just 
dessa erbjuda vissa analogier med de sasom lagmagmatiska injektioner tol- 
kade bildningarna 1 samband med fjillkiserna. Men varken de stérre mellan- 
svenska sulfidmalmerna eller de karakteristiska malmkvartsiterna limna 
rum for annan tolkning in metasomatosen. De stérsta sulfidkropparna i 
denna malmbildningsprovins, Falu gruvas pyritstockar, aro,'efter vad man 
numera (1935) vet, nistan alltigenom uppkomna genom fértrangning av dolo- 
mit. Aven for alla andra sulfider i kalksten eller dolomit ar det metasomatiska 
upptridandet typiskt. Alla slag av hardmalmer ater Aro, geologiskt sett, 
delar av malmkvartsit eller dylika bergarter. Och betriaffande dessa berg- 
arter kan nagon annan tydning 4n metasomatosen icke motiveras. 

Sunpius framkastar emellertid nu — lat vara som en hypotes, men tyd- 
ligen med den tanken, att uppslaget innebir ett framsteg — att det av 
malmkvartsit och glimmerskiffer uppbyggda omradet vid Falun kan till 
vasentlig del vara en (lagmagmatisk) intrusion. Jag maste for min del pa det 


. uppriktigaste beklaga, att en forskare med Sunprus’ stillning, och med 


de krav pa andra, som illustreras av det férut citerade uttrycket om yen icke 
genomtankt tillampning» av en teori, velat i diskussionen infora ett sadant 
hugskott. Vad skall det tjina for indamal, naér redan en mycket enkel 
orientering i de lokala geologiska férhallandena ger bilden av en komplexitet, 
en ordningsféljd av handelser, av langvariga metasomatiska omsittningar 
och mera episodiska intrusioner av granitisk och basisk magma, av veckningar 
och férkastningar — vilket allt skulle inrangeras under en intrusion av 
malmkvartsit och dess kontakteffekter? Saken gagnas ej av dylikt. Den 
enda effekten ir, att den, som kanner till vederborande fakta, blir nedstimd 
infor ett sadant sitt att behandla dem. ore 
Den enda motivering, som anféres, ar den i och fér sig alldeles riktiga 


1 Jfr hirom G. F. F. 49: 212 samt uppsats av BaremaNn i Econ. Geology, vol. 22, 
1927, s. 569. ; 
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reflexionen, att bergartsomradet ifraga till sin form erinrar om en intrusion. 
Men 1at oss da komma ihag, att Aven omvandlande lésningar intranga 
i berggrunden, och att de, liksom intrusioner, dirvid i mangt och mycket 
dirigeras av de tektoniska forhallandena! 

Aterstar fragan, huruvida magnesiametasomatos férekommit aven under 
leptitformationens bildningstid. 

Sunprus papekar i detta sammanhang, att sliktskapen mellan leptiterna 
och urgraniterna giver anledning formoda, att dessa bada eruptivgrupper 
avgivit likartade »senmagmatiska sekret». Jag har sjélv under pagaende ar- 
beten gjort samma reflexion. Men man maste ocksa erinra sig, att de fysi- 
kaliskt-kemiska faktorerna, ej] minst trycket, varit sa pass olika i de olika 
fallen, att de kristalliserade produkterna mast bliva helt olika. Man behéver 
endast erinra sig, huru oerhért sillan som kontaktmetasomatiska fyndig- 
heter upptrida i anslutning till en ytbergart, och huru vanliga de aro vid 
motsvarande hypabyssiska och djupbergarter. 

Alla de omraden, inom vilka jag hittills haft tillfiille studera dylika meta- 
somatiska bergarter i nagon stérre skala 1 Bergslagen, visa ett beroende 
av veckningstektoniken, som utesluter, att foreteelsen air att hanfora till 
leptitformationen som sadan. Sasom jag redan 1 mitt forra mlagg papekade, 
ligger en av de viktigaste arbetsuppgifterna just uti att nairmare precisera 
relationerna mellan omvandlingarna och tektoniken. Detta ir framfér allt 
den praktiskt viktiga sidan av saken. 

Naturligtvis vill jag ej bestrida méjligheten av att losningar av motsvaran- 
de sammansittning kunnat operera redan under leptitformationens upp- 
byggande. Men jag maste tro, att denna mdéjlighet har endast helt begriinsad 
rackvidd. 

SuNDIUS menar emellertid, att ett samband kan pavisas mellan den om- 
vandlade leptitens och den resulterande omvandlingsbergartens kemiska ka- 
raktirer, och att detta skall férklaras pa sa sitt, att bergarten sjilv levererat 
de omvandlande lésningarna. Hiartill aro dock tva erinringar att géra. Fér 
det fdrsta maste man ju alltid tiinka sig, att en kemisk omvandling av en 
bergart icke blir helt oberoende av utgangsmaterialets kemiska karaktir. 
Aven om ett fullt konsekvent dylikt samband férelage, skulle Sunprus’ 
slutsats salunda i alla fall vara osiker. Fér det andra foreligger icke nagot 
dylikt samband av sadan art, att man far utnyttja det pa detta sitt. Visser- 
ligen kan man, atminstone om man liigger upp fragan pa ett visst (men fullt 
korrekt) sitt, fa fram nagon statistisk évervikt for vissa relationer. En dylik 
»halften-plus-en-parlamentarism» kan dock ej liiggas till grund fér en natur- 
lag. Jag har ocksa sjilv en gang! varit inne pa. den ifragavarande, tidigare 
av H. Jonansson framférda hypotesen om ett sidant samband, men har 
infor dkade erfarenheter fatt slippa den. 

Man synes mig ocksa, genom vad jag vill betrakta sdsom dverdrift i detta 
hinseende, riskera att bringa i misskredit satsen om ett dylikt samband 
mellan leptittyper och jirnmalmstyper. Jag har visserligen aven sjalv kunnat 
pavisa ytterst viktiga undantag fran tidigare formulerade regler i dessa av- 
seenden, men anser likafullt saken fértjiint av den livligaste uppmiarksamhet. 

Sluthgen vill jag i detta sammanhang beréra fnnu en punkt. Sunprus 
upptager mitt papekande, att malmkvartsiter av mellansvensk typ iro 


1G. F. F. 47; 854—3855. 
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sillsynta, och vill dirav draga den slutsatsen, att sidana losningar, som 
resulterat i bildningen av dylika bergarter, ocksa aro sillsynta. Men i verklig- 
heten ar fallet raka motsatsen! »SiO,-, MgO- och FeO-rika och samtidigt 
kalksilikatfattiga restlosningar» (SunpDrUus, s. 101) — uttrycket karakteriserar 
precis de lésningar, som producerat all viarldens kontaktfyndigheter. Mg- 
halten varierar mahinda atskilligt, men, sisom jag manga ginger papekat, 
ar en hog Mg-halt ej nagot ovanligt. Ovanligt ar endast, att dylika lésningar 
vid omvandling av kvarts-filtspat-bergarter resultera i bl. a. Mg-Fe-Al- 
silikat. Kj ens denna omvandling 4r f. 6. inskrinkt till den mellansvenska 
leptitformationen. Den aterfinnes bade i Skelleftefaltet och i vastra Quebec, 
ehuru de berérda suprakrustalformationerna atskilligt avvika fran den mellan- 
svenska. Man bor dirfér icke d6verdriva den sistnimndas miarkvardighet. 
Den ger oss problem nog anda! 

I mitt forra mlagg utgick jag darifran, att vissa tidigare framstallningar 
av mellansvenska urbergsgeologiska forhallanden kunde tjinstgéra sisom 
en for alla intresserade gemensam plattform. Dr Sunprus’ uppsats har visat, 
att sa 1 vasentlig utstrickning fortfarande ar fallet. I vissa avseenden synas 
emellertid det senaste artiondets erfarenheter ha fort oss in pa nagot diver- 
gerande banor 1 det fortsatta forskningsarbetet. Det ar klart, att i en sidan 
situation en polemik riskerar att 1 viss man hinga i luften. De iakttagelser, 
som utgéra de nya argumenten, finnas icke framlagda. Man har da foga annat 
att géra in att mer eller mindre summariskt konstatera, huruvida motpartens 
synpunkter finna nagot stéd i ens eget iakttagelsematerial eller icke. Det 
ir under sadana omstandigheter ofrankomligt, att meningsutbytet ej allti- 
genom kan givas den form, som man annars helst ser forverkligad. 


Om magnesiametasomatosen. 


Ett genmile. 
Ay 


Sven GAVELIN. 


I sin diskussion av magnesiametasomatosen 1 senaste hifte av G. F. F. 
har Dr Sunpivs bl. a. behandlat de inom Bjornbergsfiltet forekommande 
magnesiarika bergartsleden och darvid kritiserat den av mig framstiallda tolk- 
ningen av namnda bergarter. Da emellertid Sunprus’ kritik atminstone 
delvis har sin grund i en missuppfattning av min tolkning, och da forhallande- 
na inom Bjérnbergsfiltet aven synas mig innehalla vissa drag av allmant in- 
tresse for fragan om magnesiametasomatosens natur, vill jag 1 korthet preci- 
sera min standpunkt. 

Mina skal for att forklara cordierit-gedritbergarterna som resultatet av 
en metasomatisk omvandling byggde dels pa analogislut fran andra delar av 
Bergslagen, dels aven pa vissa speciella drag inom faltet ifraga. Vad som 
starkt talar emot Sunprus’ formodan att de kemiska variationerna skulle vara 
av primir natur ar, att de som metasomatiska omvandlingsprodukter tolkade 
bergarterna iro tamligen oberoende av den dldre lagerfoljden och Gver- 
tvira de primira texturerna. Vidare kan man konstatera ett otvetydigt 
geografiskt samband mellan cordierit-gedritbergarterna och de magnesia- 
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rika skarntyperna. Dessa sistnamnda kunna emellertid bevisas vara ay 
sekundir natur. Saval de direkta filtiakttagelserna som den mikroskopiska 
undersékningen av cummingtonitskarnen fran trakten SV om Pullero visa 
att cummingtoniten dr bildad ur ett aldre aktinolitskarn. 

Betriiffande de kvarts-albitstenar, som upptriida i nara samband med de 
cordierit-gedritforande bergarterna, har jag ingalunda menat, att de skulle 
vara att betrakta som oomvandlade relikter. Jag kom vid studiet av kvarts- 
albitstenarna till den uppfattningen, att de iro produkter av en mindre 
intensiv metasomatisk omvandling. Da jag vid den mikroskopiska undersék- 
ningen ansag mig kunna konstatera en tydlig tendens till storre mobilitet for 
kali i férhallande till natron vid metamorfosen, voro ju betingelserna givna 
for en relativ natronanrikning i de paverkade bergarterna. Samma forskjut- 
ning av alkaliférhallandet mot natronrikare typer isamband med magnesia- 
metasomatos har f. 6. beskrivits fran andra delar av Bergslagen, t. ex. Pers- 
berg, Riddarhyttan, Nordmarken. Kvarts-albitstenarna inom Bjérnbergsfal- 
tet upptrida som évergangszon mellan oomvandlad leptit och cordierit-gedrit- 
kvartsiterna, i det att normal biotitforande leptit forst S6vergar i klorit- eller 
sericitforande kvarts-albitsten. I denna inkomma efter hand cordierit- 
gedrit-biotitrika sliror och klumpar, och slutligen bildas iiven stérre samlade 
partier av grov homogen cordierit-gedrit-kvartsit. Det fortjinar papekas, att 
det endast ar i dessa mera homogena samlade partier, som kalifiiltspat iakt- 
tagits i stérre mangd 1 de magnesiarika bergartsleden. Nir jag framholl, att 
de kalirikare bergartsleden férefdllo mig att littare angripas av lésningarna 
iin motsvarande natronrika typer, menade jag naturligtvis ingalunda, att 
de senare behévde férhalla sig intakta. Diiremot vill jag fasthalla vid, att 
man har all orsak att vinta sig att kemiskt olka bergarter aiven skola upp- 
trida olika gent emot en och samma metasomatiskt verkande lésning, och 
att ett motsatt férhallande snarare vore ignat att viicka forvaning. Den 
s. k. metasomatiska omvandlingen ir ju en jimviktsreaktion, diir lésningens 
sammansittning och det paverkade materialets sammansittning b ada aro 
faktorer, som bestiimma reaktionens férlopp. I féreliggande fall anser jag 
saledes endast, att mina iakttagelser tyda pa att cordierit-gedritbildningen 
varit intensivare i de fall, da kalirikare leptittyper ainnu forelegat. 

Slutligen vill jag betona, att jag e] anvint begreppet magnesiametasomatos 
i enlighet med den av Sunprvs givna definitionen, nimligen sisom en meta- 
morfos orsakad av en stark magnesiatillforsel fran en granitmagma. Tvart 
om har jag framhallit, att de magnesiarika bergarterna hir val skulle kunna 
vara bildade endast genom omflyttning av redan féreliggande aldre material, 
och jag har aven for omvandlingen anvant det av EsKxoxa lanserade uttrycket 
metamorf differentiation. Att man verkligen har att rikna med en starkt 
mineraliserande vattenfas, framgar av de beskrivna férhallandena fran 
brecciezonen inom omradets éstra del, vilken svaghetszon tydligen aven 
tjinat som tillforselkanal for ifragavarande lésningar. Man kan alltsa har 
forklara bildningen av de magnesiarika bergarterna i enlighet med fysikalisk- 
kemiska betingelser, vilka bevisligen spela stor roll for geologiska férhallan- 
den. Det synes mig da riktigare att tillgripa en sadan tolkning in att forsdka 
en férklaring, grundad pa fysikalisk-kemiska lagar, vilkas betydelse annu ej 
ar utredd och som ej kunna bringas i 6verensstiimmelse vare sig med experi- 
mentella undersékningar eller med faltdata fran siikert ometamorfa mag- 
matiska provinser. 
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Stockholmsgraniten i Lekebergs bergslag. 
Av 


SturE LANDERGREN. 


I foreliggande hafte av G. F. F. har professor P. J. Houmauist offentliggjort 
nagra iakttagelser fran en exkursion inom Lekebergs Bergslag, dver vilket 
omrade jag ar 1933 uppriittade en berggrundskarta med atfoljande kortfattad 
beskrivning. Hotmguisr avfirdar bl. a. den av mig som Stockholmsgranit 
rubricerade randzonen till Orebrograniten och framhaller som sin asikt, att 
magon bergart 6verensstimmande med Stockholmsgraniten icke synes fére- 
komma inom det undersékta omradet».1 

Som bekant har pa den nya Nordenkartan under en gemensam beteckning 
sammanforts Refsunds-, Fellingsbro- och Stockholmsgraniterna i Sverige 
och de centralfinska och Hangégraniterna i Finland pa grund av dessa gra- 
niters genetiska samhorighet. Med utgangspunkt fran denna otvivelaktiga 
samhorighet anser jag, att man icke bor skilja ut den finkorniga, aplitiska 
och pegmatitrika graniten i Stockholmstrakten som en genetiskt fristaende 
grupp, skild fran likartade graniter i 6vriga delar av Mellansverige och till- 
hérande samma epok. Man kan visserligen siga, att Stockholmstraktens 
granit visar en nagot stérre areell homogenitet in inom andra hittills under- 
sokta omraden, men det ror sig, enligt min uppfattning, om en skillnad till 
graden av palingenes, av migmatitisering och av pegmatitrikedom. Jag har 
fér 6vrigt 1 min uppsats om Lekebergs Bergslag sékt pavisa, att det inte ar sa 
helt med Stockholmsgranitens kemiska homogenitet, och jag har belyst detta 
férhallande med ett antal analyser, tagna just fran Stockholmstrakten.? 

Betriffande en petrografisk jimférelse mellan Stockholmstraktens fin- 
korniga granit och Lekebergs Bergslags finkorniga granit, dir de aro ho- 
mogena, sa ar det felaktigt att siiga, att den »typiskay Stockholmsgraniten 
icke 4r representerad i Lekeberg. Hotmquist medger ju iiven, att t. ex. vid 
Kalltorp och Ramsjén en bergartstyp moter, »nimligen en smakornig ljust 
era granit. Den ar fullt massformig och av en aplitartad karaktir samt kan 
sagas likna de ljusaste arterna av Stockholmsgraniteny.* Fortsattningen lyder 
emellertid: »En svagt grénaktig fargton i den ljusa massan utgér dock en viss 
olikhet, och bergartens forhallande i falt ar tvetydigt».® Jag anser, att nagon 
tvetydighet i granitens faltupptridande icke foreligger, endast att palingene- 
sen och migmatitiseringsgraden ar stérre har an 1 Stockholmstrakten. En- 
ligt mina iakttagelser forekomma inom Lekebergs Bergslag samma typvaria- 
tioner som i Stockholmstrakten. a 

Om jag saledes har kallat Orebrogranitens aplitiska randzon och nagra 
smirre lokala pegmatitgranitomraden for Stockholmsgranit, sa ar det fram- 
fér allt ur genetisk synpunkt. Att dessutom otvivelaktiga petrografiska lik- 
heter med Stockholmsgraniten finnas, torde 4n mera motivera min stravan, 
att icke belasta litteraturen med ett nytt lokalnamn fran varje nyundersokt 
omrade, dir de aplitartade migmatitgraniterna upptrada. 


1 Detta hiafte, sid. 286. 
2G. F. F. Bd 56:2, sid. 329. 
3 Detta hafte, sid. 281. 
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Sideriten i torvmarkerna. 
Nagra tilligg till foredragsreferatet 1 G. F. F. Bd 57, H. 1. 
Av 
Bertit E. HaLtpen. 


Enligt erhallna uppgifter uppticktes sideriten i Svartokirr av Civilingenj6r 
K. Lunpsuap, sideriten i Salbomossen av Fil. Kand. Hs. Bsuruir och 
forekomsten 1 Komosse (Lilla Bjérnsjémad, sydligaste delen) av Prof. H. 
OsvVALD. 

En férekomst av siderit i Jamtland har antriffats av K. LunpBLAD och 
omnimnts i Sv. Mosskulturf. tidskr. 1930, sid. 277. Lokalen ir Gisselas- 
myren i Hammerdals s:n. Sideriten som har ar inlagrad i brunmoss-starrtorv 
med Schoenus, tolkas av LUNDBLAD sasom en primir avlagring, alltsa ej som 
reduktionsprodukt av jirnockra. Torvens yta far under torrperioder ett vitt 
éverdrag av gipskristaller. (Jfr min framstallning 1 ovannimnda referat, 
sid. 127, dir de jamtlindska gipsmyrarnas siderit efterlyses). Med en viss 
besvikelse hade nimligen féredr. konstaterat, att siderit ej redovisats for 
Gisslelas-myren av G. BooBErG i hans monografi av ar 1930. 


Myrmalmerna p& Oland. 
AV 
G. Lunpevist. 


Da jag pa grund av programandringen vid sammantriidet ej hérde bérjan 
av lektor Etvrus’ a sid. 376 refererade féredrag, torde mitt diskussionsinligg 
behéva kompletteras nagot. 

Fran Oland och Gotland har jag anmiarkt starka jirnutfillningar i Béda- 
trakten och pa Farén. Bada iiro exklusiva sandomraden. Ocksa Exvrus’ 
fynd iro omedelbart knutna till sand- eller grusmarker, iiven om de ligga ute 
ien myr (Lindby). Uppfattningen om distinkt skilda kalk- och jirnomraden 
bor dirfor kompletteras med uppgiften, att om jairnutfillningar finnas inom 
kalkomradena, ansluta de sig till de mest litturlakade markerna. 

Angaende blockmaterialets ursprung bér framhallas, att i trakten av 
Ror pa Oland grénstenarna forekomma i 3—4%, dlandicus-, tessini- och 
alunskifferblocken i vardera < 1% i genomsnitt. »Jarnhalten» torde dirfér 
komma fran urbergsmaterialet och en del av sandstenarna. Alunskiffern be- 
tyder pa grund av dess tunna utgiende intet. Fér min del vill jag emeller- 
tid snarast tillmita franvaron avy kalk (eller den ytterst obetydliga 
halten dirav) stérsta betydelsen fér jiirnsedimenteringen. De flesta fran 
Oland (och Gotland) kinda jirnutfillningarna dro ortstenar, vilka tviirt 
emot Exvius’ uppfattning, noga maste skiljas fran myr- och sjémalm. 

Till jarnframstallning kunde ortstenarna nog i nédfall anvindas, men nagon 
jarnhantering var ej att bygga dirpa. Dirfér torde import av jirntackor 
eller malm ha varit nédvindig, sirskilt niir det ar fraga om jirnbehovet 
under sa lang tid — c:a 1000 ar — som Exvius tinkt sig. SrenBERGERs! 
sj6malmfynd i Glémminge visar, att en sjémalmimport verkligen aigt rum. 
Kn noggrann undersékning av sinnerskutorna kanske kan vara ay vikt for 
kunskapen om ravaran. 


1 Jfr Fornvannen 1929, sid. 219. 
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Motet den 7 mars 1935. 
Narvarande 75 personer. 


Ordféranden, hr TRoEpsson, 6ppnade métet med foljande anforande: 

Med djup forstéimning mottogo vi nyligen meddelandet om AXEL 
WALLENS bortgang. For de yngsta i Geologiska Foreningen stod 
Watueéns bild mahanda icke sa levande som for dem, som varit med 
langre, ty hans manga och vidstrackta intressen tvingade honom under 
senare ar att koncentrera sig pa omraden, som lago hans vetenskap- 
liga verksamhet narmast. For geologien, sarskilt kvartirgeologien, 
har hans hydrografiska och klimatologiska forskning varit av stor be- 
tydelse. Geologiska Foreningen har ocksa en gang givit uttryck at sin 
uppskattning av denna hans verksamhet genom att ett ar — det ar 
nu jamnt 20 ar sedan — valja honom till sin ordférande. Vi sérja 
AxEL WALLEN som en taktfull och vanfast kamrat, en helgjuten ka- 
raktaér och vidsynt forskare. Med sin stralande vitalitet och sin starka 
personlighet kunde han i sallsynt grad stimulera sin omgivning. En 
arbetsmainniska var han in i det sista, och fér honom sjalv var det 
en lycka, att han fick dé mitt i sitt arbete. Frid 6ver hans minne. 


Till Dr Sven Hepin hade Foreningen sant en telegrafisk halsning 
pa hans 70-arsdag den 19 februari. Ett tack harfor hade ingatt fran 
Dr HeEnprns systrar. 


Till Svenska Turistforeningen hade i anledning av dess 50-arsjubi- 
leum genom sekreteraren éverlimnats en adress av foljande lydelse: 


Geologiska Féreningen i Stockholm 
bringar 
Svenska Turistforeningen 
pa dess 50-arsdag 


sin hjartliga hyllning och tillénskan om fortsatt framgangsrik verksamhet: 

Fran en krets av geologer utgick initiativet till Svenska Turistf6reningens 
bildande, och under de gangna 50 aren ha alltid de basta forbindelser ratt 
de bada Foéreningarna emellan. 
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Geologiska Féreningen énskar ge ett uttryck for si uppskattning av Tu- 
ristféreningens verksamhet, i det att denna aiven direkt framjat den geolo- 
giska vetenskapen i Sverige genom att understédja geologiskt betonade 
forskningar och genom atti sin Arsskrift pa ett utmiarkt sitt i vidaste kretsar 
sprida kinnedomen om vart lands geologiska forhallanden. 


Stockholm den 27 februari 1935. 
Gustaf T. Troedsson. 


/ R. Sandegren. 


Ordféranden anforde vidare: Vid dagens sammantriide utdelas nr 
400 av Geologiska Féreningens Foérhandlingar. Detta ger oss anled- 
ning att agna en tacksamhetens tanke dels at Foreningens stiftare, 
som voro nog djarva att samtidigt med bildandet av féreningen starta 
denna tidskrift, men dels ocksa at raden av sekreterare, som haft den 
ofta bade krivande och otacksamma uppgiften att redigera Foérhand- 
lingarna. 

I 49 ar utkommo Forhandlingarna med 7 haften arligen, alltid med 
osvikhg punktlighet, sa att medlemmarna pa vart och ett av arets 7 
sammantriden fingo ett nytt hafte. Foreningens halvsekeljubileum 
sammanfoll med de svara efterkrigsaren, vilka tvingade till en omligg- 
ning av utgivningssittet. Fran och med ar 1921 utkomma, som vi 
veta, Forhandlingarna med 4 hiaften arligen; ett attonde sammantride, 
oktobermotet, infordes samtidigt, och nu utdelas saledes Férhandlin- 
garna pa vartannat sammantride. Med denna utgivningstakt kommer 
det att dréja 25 ar, tills niista jiimna 100-tal av hiften uppnatts. Vi 
kunna alltsa i dag fira ett slags kvartssekeljubileum, och denna han- 
delse ma icke férbigas med tystnad. 


Foredrogs revisionsberittelse 6ver styrelsens och skattmistarens 
forvaltning under ar 1934 och beviljades av revisorerna tillstyrkt an- 
svarsfrihet. 

Vinst- och forlustriikning fir ar 1934, 


Ing&ende balans, 


Reserviondensskonto = #:ks Work Ae een ee. Hoek Rewrcanteu PMeow ue 9 431.20 
‘Lotterfondens:(4:3.40 urs .y28 Sig kes emer, RUNS eee elie aa 37 246.23 
Inkomster under Aret. 

Reserviondens skOntO; “Tanta ogee ms eee eee 413.29 

> » _stindiga medlemmars avgifter.......2.2... 400.— 
otierifondens: 9). .2\.e Sky) sven ae OSs ae a eee ae 1 731.68 
ATMONSDILASANS 1355... css ot omens Se Lee te nee eee eae 378.00 


Trycknings och korrigeringsbidrags konto 
Forsiljning av féreningens férhandlingar 
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Wtatsbidrae = 5 5°... > 3° 6.8) Tay SRR Ne or er 1700.00 
PECMKGOCOLe(SMOIOTAOM MEM Ge. ls:  k  e n  e 1 000.00 
Nie DmledamMOnsaveltteh ree h. 2. ss 5 ee So we a sl le Ae '4.755.00 
POMOCLSAUUMN ome Eas ee os hm oh. Sela 2 bbe 102.95 


Utgaende balans. 
Deu de tiie Abe aA Norstedtioch SOnerwe. . . 0 4)... . «ves 1 237.07 


Utgifter. 
GrcOlestOre ius ocime Ooo mts uetatryCKnING @- Neely ete Aue See nee 2 1773.23 
» > > SBE eau Sumitag aan oo Ge 2 SS BN Tomasko ae eS 8 147.90 
> » » > > MOP UICOTE Myer ieer. Sos sits eel: L 237.07 
? > » > tbusiratwonere pate pws) su ue Coe san an ae he 702.07 
> » > S Ghislain, 595 2 5 5 6s ee i heen ae 504.26 
EER ECIULONS KOSUE S.C CMM ie mean agt -Mer ener 8 Mae sie ochre. we ncne : 483.66 
OUD 5. Bi Recor ithe he paka ee ie aa ae Zug Meee. Sonate leech sear 174.78 
Ary OuenecillerjANstemmallminm. 4) 2 Je =) cs wee arte oe iis Set Lapses BOUC— 
LEXIE St. +s A Gy i er ane on CR a a a a a 8 Rok ceeds 62.40 
ETc Ghd GT SG Ksh LCC RATE Mee emer ee ols i te) ciple dk) Sj gegyaagche. eos 66.15 
ENGNARE: DTU “8 ey can sa eS cee Semen ea tt rma pie 589.— 
MINGUS UU ASAI mew tr one vet TAN stains hah etc) als cepa... awe 155.92 
Utgaende balans. 
TUESe VTOUL CH AMICON QUT bar teeter en cols ate) cocag (on bch ogc) feo vay ans 9 831.20 
HROLSerMONCCNSe KONTO Men ts Ses ees, Va) ay ee heey x Oe oe ye era ekO.8S 
59 288.47 
Balansrikning pr *'/12 1934. 
Tillgangar: 

Reservfonden: 
Sy. statens 41/2 % obl. av 1930 .... . Sa aia etsy acs SAS crate 8 000.— 
SLOckHoOlMsMlavaesparbanke mime LLOGDO. (elt) we. uwmemetepull es) cheers 1 831.20 

Lotterifonden: 
Kon. Sveriges stadshypotekskassas 41/2 % obl. av 1927, nom. 15000:— 15 3875.21 
SyHandelsbankens forlagsbevis .. .% . = .%5 #25. ee OLO00200 
Sipeliuocrattrusten: preimaky. moms (000; 9 0k eecee G 8 835.62 

Balans: 
hace iaitoley Vario OTE ky Cac i cmONS ME eae Cream crc eam ee 
Summa kr 45 279.10 
Skulder 

Reservfondens konto. .... . Cae ete etre Seasaret "5, eee a 9 831.20 
Lotterifondens 9» ..:.. - | te Ee eae ee eos 21083 
Nie we ArEINOTStCd tROCIU SON Ol Mapes cet) so. N= 43. aust =. recuse a8 1 237.07 


Summa kr 45 279.10 


Foreningen beslét inga till Kungl. Maj:t med ansdkan om ett anslag 
av kr. 1 700 och till hrr fullmaktige i Jernkontoret med ansékan om 
ett anslag av kr. 1 000 sasom bidrag till fortsatt utgivande under ar 
1935 av Foreningens Forhandlingar. 


Ordféranden anforde slutligen: 
Det ar en stor ara for Geologiska Foreningen att som sina gister pa 
detta sammantriide se ett stort antal medlemmar av Teknologfore- 
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ningens avdelning for Kemi och Bergsvetenskap med ordforanden, 
prof. HAccLunp, i spetsen. Vi halsa vara gister hjartligt valkomna. 


Hr O. Meter holl ett av kartor, profiler och ljusbilder illustrerat 
féredrag om: Férekomsten av jordgas i Olands och 
Ostergétlands kambro-silur och nagra geolo- 
giska rén darstaides. En uppsats i amnet kommer att in- 
flyta i ett foljande hafte av Forhandlingarna. 


Med anledning av foredraget yttrade sig hrr TRoEDsson, BACKLUND, 
ASKLUND, J. Extunp och féredraganden. 


Hr Trorpsson meddelade i anslutning till foredraget, att bergolja 1 da- 
garna traffats i Skane. Vid en borrning efter vatten, som civilingenjér JOHN 
Brrastrom, Stockholm, utfért pa Medicinalstyrelsens uppdrag vid S:a Maria 
Sjukhus i norra delen av Halsingborgs stads omrade, hade under februari 
manad sma kvantiteter bergolja kommit upp med borrvattnet. Tal. hade 
ett par dagar fére métet gjort ett besdk vid borrhalet. Man hade da natt 
ned till 110.10 m. Borrningen utférdes med s. k. vattenborr. Féljande profil 
hade genomborrats (beteckningarna iro himtade fran borrprotokollet): 


Ea LJOSAOLOIAG GY —5 5 oka eevee Be Serer se Oe 3.25 m 
2. Sandsten, vari spolvattnet férsvann .... . 5.75 9.00 
Kode) bil ene eee ee oy ee ee 3.25 12.25 
4. Sandsten, vattenférande, vattnet vid 8.44 m . 1.45 13.70 
Dig KSER.2Y keh 2 | oncate cr ane Oe ee ee ca <teh OxS0 20.00 
6. Sandsten, vattenforande, vattnet steg till 6.88 m 4.90 24.90 
ee Ritter ss <a fi, et. eee ane ree, ne Pete >of U 47.00 
8. Skiffer, blandad med sandsten. ....... 2.00 49.00 
Do DANOStON sls, se. ee Se ee Be gs. RSA et es MOD YO 58.00 
10. Skifferblandad sandsten .........2.2. 2. «4.50 62.50 
BA a OSNORbOR Ss Ni. rie ie eee Na ee 68.00 
TOS E ORELOr se coh ec ee Mere ke SiR ee se Me ee OG 78.90 
Le Coles BOUe GR. - ee eee is Re oem bt oe oe 79.00 
Lace iifierit =." Sn ee eae eee eed es Thee 80.50 
liseRandsten: hird (:). 8 Sa Sees 2k Geos 82.50 
16. Skiffer, »blandad med olja ........ . 8.05 90.55 
i Wikapogd ACS) Me Bm Ie ee aaa) Peale Pee et Ree ONTO 90.65 
Loe Sandsten,; bard’. 27 heat cas Ce ecg a lees 91.90 
19. Skiffer, yoljehaltig till 102.15 m...... . 10.95 102.85 
SO meapandsten: ‘ks ths oe at ee BES Mg OReE ALE T'S 104.00 


Ae Rote a Sena a MOP RRG 110.10 


Tyvarr hade prov av oljan ej bevarats. Enligt borrférmannen, hr Epvry 
Rosertsson, Arlév, var oljan svart och bildade en tunn, mer eller mindre 
skummande hinna pa det uppspolade vattnet. Mingden synes ha varit helt 
obetydlig, men oljan kom upp i flera portioner under borrningen mellan 
82.50 och 102.15 m, alltsa ur lagren 16 och 191i profilen. Bergarten i dessa, 
»skiffer», var enl. borrférmannen dels mérk och lerig, dels hard, ljus och 
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sandig 1 vixellagrg. Fran vilka av dessa skikt oljan hirrérde, kunde ej 
uppgivas. 

Av kollagret nr 17 erhdlls ett prov, som var starkt sandigt, med faltspat, 
och luktade fotogen [Fotogenlukten férsvann alldeles efter en veckas tid]. 
Ifall sandigheten hirstammar fran underliggande sandsten, vilket ju ligger 
ndrmast till hands att antaga, borde dessa lager tillhéra kagerédsforma- 
tionen. Emellertid saknas réda lager i profilen, och kollagren iro alldeles 
frammande fér denna formation. Anmirkningsvird ar vidare den stora 
halten av leriga lager (66 %) i profilen. Sa hég lerhalt ar i Hilsing- 
borgstrakten karakteristisk fér palsjéserien i lias och for kagerédsforma- 
tionens évre del (jfr TRoEpsson, Hialsingborgs stadsfullmaktiges handl. 
1934, nr 25, s. 7). 

S:a Maria ligger 1 km fran kusten. Har i sjilva stranden hade tal. ar 1933 
gravt fram en 8 km lang profil, dock ej helt sammanhingande. Langs hela 
strickan stupade lagren 5°—10° utat Sundet, ehuru i nagot vixlande rikt- 
ningar. Det ar tydligt, att har framgar en stor antiklinal langs kusten, dock 
konvergerande med denna norrut. Det ar samma antiklinal, som framtrader 
pa berggrundskartan genom kagerédsformationens S-formiga utgadende vid 
kolbickenets sddra griins. Sa vitt man kan déma avy strandprofilen, finnas 
1 Halsingborgs norra del, N om egentliga stadsomradet och ett stycke fran 
kusten, tvenne kulminationer i denna antiklinal; det ar den norra av dessa, 
som traffats vid borrningen. 

Enl. uppgift av borrférmannen Ropertsson skall olja ocksa ha patraffats 
vid Tomelilla och Léberéd i svart skiffer, uppenbarligen colonusskiffer, i 
vilken borrades 150 m pa bada stallena, utan att vatten erhdlls. Vid Tome- 
lilla var oljan »starkt skummande med stora blasor», tydande pa gasformiga 
kolvaten. 


Hr B. Asktunp understrék det stora intresse de utforda undersékningarna 
éver kambrosilurformationens gashalt iga iven fran geologisk synpunkt och 
hoppades, att de skulle leda till systematiska fortsatta borrningar. Av kval- 
lens féredrag hade man endast fatt kvalitativa uppgifter om gasforingen men 
tal. hoppades, att en fdljande utférlig publikation aven skulle ge kvantitativa 
data, sa att man kunde bilda sig en forestallning om de ekonomiska mdjlig- 
heterna fér en gasutvinning ur de undersdkta formationerna. 

Som nytt undersdkningsomrade rekommenderade tal. Gavletraktens 
kambriska sandsten. Visserligen kan denna forutsiittas aga relativt ringa 
miktighet, snarast omkring 10 & 20 m, men den har likval visat sig vara 
landets bitumenrikaste kambriska sandstensavlagring, vars bottenzon ar sa 
rik pa asfalt, att block fran densamma vid varm vaderlek avséndra rinnande 
asfaltprodukter. Sandstenen tickes av ett ytterst tatt skikt, némligen den 
mirkliga plastiska leran i Ceratopyge-lagren, varfor gaserna har méjligen kunna 
forutsittas vara bittre kvarhallna dn annorstides. Den éver hela sandstens- 
skiktet spridda, séregna blyglanshalten ar ocksa ett si anmarkningsvirt 
drag, att en narmare undersdkning vore énskvird. Sandstenen vilar delvis 
pa rapakivigranitberggrund, varfér man jimval kunde tanka sig en relativ 
stegring av ddelgashalten i densamma. 
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Motet den 4 april 1935. 


Narvarande 38 personer. 


Ordféranden, hr TRoEpsson, meddelade, att styrelsen till ledamoter 
i Foreningen invalt Fil. Mag. Ertx Jonansson, Stockholm, foreslagen 
av hrr LUNDEGREN och THORSLUND samt forste Aktuarien Fil. Dr 
GustaF LiunGDAHL, Stockholm, foreslagen av hr SaHLsTROM. 

Till Chefen for Danmarks Geologiske Undersogelse, Direktér V. 
Mapsren, Kobenhavn, hade Foreningen sant en telegrafisk halsning 
pa hans 70-arsdag. Ett tack harfor hade ingatt fran Direkt6r MADSEN. 

Fran Svenska Turistféreningen hade ett tack ingatt for den adress 
Geologiska Foéreningen éverlimnat vid Turistforeningens 50-ars jubi- 
leum. 

Fran Geological Survey of Great Britain hade en inbjudan ingatt till 
Foreningen att lata sig representeras vid de hégtidligheter, som komma 
att aga rum den 3—4 juli 1935 1 London i anledning av Undersékningens 
100-arsjubileum och Oppnandet av dess nya byggnad och museum. 

Att vid detta tillfalle representera Foreningen utsags Docenten 
H. von EcKERMANN. 

Cirkular 1 och 2 fran »Congrés International des Mines, de la 
Métallurgie et de la Géologie appliquée», vilken kommer att hallas 
i Paris 20—26 oktober 1935, hade inkommit och finnas tillgingliga 
hos sekreteraren. Jfr notis 4 Geolognytt i detta hifte av Férhand- 
lingarna. 

Som bidrag till fortsatt utgivande av Forhandlingarna ar 1935 
hade Foreningen erhallit ett anslag fran Jernkontoret 4 1000 kronor. 


Hr F. Brorzen holl ett av ljusbilder belyst féredrag om: F ora- 
miniferen aus der schwedischen Kreide und 
ihre Beziehungen zum Sediment und gur Fa- 
z1e8. 

Die Fauna der schwedischen Kreide ist schon gut bekannt, nur die 
Microfauna, die vorwiegend aus Foraminiferen, Ostrakoden und Ra- 
diolarien besteht, wurde nur wenig beriicksichtigt, trotzdem die ersteren 
in allen Schichten und die Radiolarien in den meisten Schichten hiufig 
vorhanden sind. In einzelnen Schichten bilden sogar die Foraminiferen 
die Hauptmasse des Gesteins und ich werde hierauf weiter unten naher 
eingehen. 
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Die Untersuchungen der letzten Jahre haben bewiesen, dass der 
Microfauna ein grosser stratigraphischer Wert zukommt. Besonders 
eignen sich Foraminiferen zur Charakterisierung einer Schicht. Daher 
lag es nahe entsprechende Untersuchungen in der schwedischen Kreide 
anzustellen. Die Voraussetzung jeder Stratigraphie ist: die Kenntnis 
von Arten, die nur zeitlich beschrankt auftreten und sich deshalb als 
Leitfossilien eignen. Dem Anschein nach aber sind Foraminiferen 
aus europdischen Kreideablagerungen wenig als Leitformen zu verwen- 
den. Dies hat seine Ursache in der Art, mit der man bisher die meisten 
Foraminiferen bestimmte. Die Bestimmungen beruhten vorwiegend 
auf Arbeiten die 60—-100 Jahre alt waren, und in denen nahe ver- 
wandte Formen nicht getrennt waren und die stratigraphischen Ver- 
haltnisse wenig beriicksichtigt. Sieht man daher Faunenlisten von 
Foraminiferen aus der europaéischen Kreide durch, so haben die meisten 
der aufgezaihlten Arten eine Verbreitung vom Jura bis zur Neuzeit. 
Man muss also froh sein, wenn man nach der ungeniigenden Vorarbeit 
allein mit Hilfe der Foraminiferen die Formation eines Gesteins erkennt. 

Anders verhalt es sich in Nord- und Mittelamerika. Hier sind die 
Vorarbeiten so weit — weil man die Micropalaeontologie im gréssten 
Ausmass zur Horizontierung der Erdélbohrungen benutzte —, dass 
man fast jedes Kreidesediment mit Hilfe der Foraminiferen einiger- 
massen genau datieren kann. Selbstverstindlich werden hier die Arten 
scharfer unterschieden und die zeitliche Verbreitung ist genau festgestellt. 

Nach meinen Erfahrungen eignen sich die schwedischen Kreidevor- 
kommen gut fiir stratigraphisch — palaeontologische Foraminiferenun- 
tersuchungen. Ihr Sedimente haben eine sehr grosse Machtigkeit, die 
man ungefahr auf 2—3 000 m schatzen kann. Das Alter vieler Fundorte 
ist soweit bekannt, dass man sie in das Schema der europaischen Ober- 
kreide eingliedern kann. Gleichzeitig sind viele Horizonte in verschie- 
dener Faziesausbildung vorhanden. Die Gliederung beruht bisher 
hauptsichlich auf Belemniten, Inoceramen und wenigen Ammoniten 
und Muscheln. Fehlen diese Fossilien in einem Aufschluss, dies ist hin 
und wieder der Fall, ist es schwer ihn zu datieren. So verspricht eine 
Foraminiferenuntersuchung auch das Alter solcher Fundorte zu klaren. 

Die Kreide ist in folgenden Stufen vertreten (siehe Tabelle auf 
S. 368): 

Bisher sind aus diesen Schichten nur wenige Foraminiferenarten 
bekannt geworden. Sven Nixon hat einige beschrieben und abgebildet, 
MuntueE gab eine Liste von 40 Arten, die aus dem Danien, aus der 
Mucronaten- und aus der Mammillatenkreide stammten. Im vorigen 
Jahr gab ich eine Liste von ca 70 Arten aus der Schreibkreide von 
Tullstorp und Kvarnby. 
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Jedoch schon eine fliichtige Durchsicht verschieden alteriger Proben 
zeigt, dass sehr viel mehr Arten vorliegen. Ich schitze, dass mindestens 
500 Arten in der schwedischen Kreide vorkommen. So ergab die Unter- 
suchung zweier Proben des Eriksdaler Mergels allein ca 150 Arten, 
von denen 46 neu, 40 in der europaischen, 12 in der amerikanischen, 
und 42 in der europiischen und amerikanischen Oberkreide gemeinsam 
nachgewiesen wurden. Doch eine grosse Zahl von Foraminiferenarten 
ist fiir die Stratigraphie und Fazies eines Gesteins nicht wichtig und ich 
unterscheide fiir die Praxis 3 Gruppen von Foraminiferen: 


1) Fir Schicht und Fazies charakteristische 
und haufige Arten. 

2) Auffallende und haufige Arten, die aber 
eine grosse fazielle und vertikale Verbrei- 
tung besitzen. 

3) Die Fille der sehr seltenen Arten und die 
sehr kleinwitichsigen Formen. 


Die erste Gruppe umfasst eine sehr geringe Anzahl von Arten. Durch 
sorgsame und genaue Untersuchungen ihrer Variation und Verbreitung 
miissen diese Formen scharf von ihnlichen getrennt werden. Sie 
stellen dann die praktisch wichtigste Gruppe dar. 

Zur zweiten Gruppe gehéren alle die Arten, die auch bei nicht speziel- 
len Foraminiferenuntersuchungen auffallen. Dies sind die grossen 
Formen, wie: Cristellarien (Lenticulinen), Flabellinen, Frondicularien, 
grosse Nodosarien und Vaginulinen. Meistens haben diese Arten sehr 
grosse vertikale Verbreitung. Bei genauer Untersuchung kann man er- 
warten, dass sich die Arten noch besser unterscheiden lassen und dann 
stratigraphisch wertvoll werden. Ferner gehéren zu dieser Gruppe 
die sehr zahlreich auftretenden Formen, die ganze Schichten erfiillen. 
Sie sind unter Umstinden fiir bestimmte fazielle Ausbildungen charak- 
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teristisch, kommen aber fiir stratigraphische Zwecke nicht in Frage. 
Hierzu miissen Globigerinen, Giimbelinen (frither Teatularien) und viele 
Gyroidinen (Rotalinen) gerechnet werden. 

Die III. Gruppe umfasst die Mehrzahl der Foraminiferenarten. Diese 
sind zum Teil sehr kleine und sehr schwer bestimmbare Formen, da- 
neben solche, die sehr selten auftreten. In dieser Gruppe finden sich 
palzontologisch sehr interessante Arten, die auf bestimmte phylogene- 
tische Reihen und palegeographische Zusammenhange weisen. Fiir 
die praktische Stratigraphie lassen sie sich schwer beriicksichtigen, 
trotzdem hierunter viele Formen vorhanden sind, die zeitlich sehr 
beschrankt auftreten. 

Man erkennt, die Zahl der wichtigen Formen ist gering. Ein wich- 
tiger Faktor fiir den stratigraphischen Wert ist unter anderem die 
Haufigkeit des Auftretens einer Form. Die Hiaufigkeit ist aber ein 
relativer Begriff. Im Verhaltnis zu grossen Fossilien sind alle Foramini- 
feren durchweg haufig. Die bisher gebraéuchlichen Haufigkeitsbezeich- 
nungen: »sehr selten, selten, nicht selten, haiufig und sehr haufigy ge- 
niigen nicht ganz. Sie werden willkiirlich gebraucht und geben kein 
klares Bild tiber das wahre Mengenverhaltnis. Es sind bei jeder Unter- 
suchung zwei Daten notwendig: der Anteil der Foraminiferen an der 
Gesteinszusammensetzung und der relative Anteil einer Art an der 
Foraminiferengemeinschaft. 

Untersucht man den Anteil der Foraminiferen am Sedimentaufbau 
der schwedischen Kreide, dann kann man feststellen: 

1) In feinkérnigen, mergligen Gesteinen haben die Foraminiferen ei- 
nen sehr grossen Anteil an der Bildung des Sediments. Der Gehalt an 
Foraminiferen kann bis iiber 50 °% der Gesteinskomponenten betragen. 
Beispiel: Eriksdaler Mergel. 

2) In gréberen mergligen Sanden und Sandsteinen, die auch zum 
Teil viel Schalgrus enthalten, treten die Foraminiferen zuriick, nehmen 
aber noch betrichtlichen Anteil am Aufbau der Gesteine, so z. B. in 
den Sanden von Ko6pinge. 

3) In Schalgrusgesteinen und reinen Triimmerkreiden, wie sie hiufig 
im Kristianstad-Gebiet vorkommen, sind im allgemeinen Foraminiferen 
im Verhiltnis zu den iibrigen Gesteinskomponenten selten. Doch sind 
sie immer vorhanden. In einigen Fallen, auf die weiter unten eingegan- 
gen wird, treten einzelne Formen so haufig auf, dass sie noch als wichti- 
ges Element des Gesteins angesehen werden miissen. 

4) In den reinen Kreideablagerungen, soweit mir Gesteine von Tulls- 
torp und Kvarnby vorlagen, nehmen Foraminiferen nur einen sehr ge- 
ringen Anteil am Gestein ein. Bei einer Probe von ca. 300 Gramm 
erhielt ich nur einige Gramm Foraminiferen. Dies steht im Gegensatz 
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zu anderen Kreidesedimenten, z. B. aus Riigen, wo Foraminiferen in 
einzelnen Banken das ganze Sediment erfiillen. Doch sind hier wie 
dort grosse Schwankungen zu bemerken und die Durchsicht eines 
Profils diirfte zeigen, dass auch in der schwedischen Schreibkreide 
Lagen vorkommen, die fast ausschliesslich Foraminiferen enthalten. 
Uberraschend ist trotz des geringen Anteils der Foraminiferen am 
Gesteinaufbau ihre grosse Mannigfaltigkeit. 

5) Reine, feste Kalke, z. B. die Kalke und Kreidekalke des Danien 
enthalten wiederum reichlich Foraminiferen und diese diirften teilweise 
einen wichtigen Sedimentskomponenten ausmachen. 

Die Haufigkeit der einzelnen Arten in der jeweiligen Faunengesell- 
schaft ist sehr verschieden. Schon beim ersten Untersuchen einer 
Probe nach der Konzentration, d. h. nach dem Aufarbeiten und Schlam- 
men, erkennt man das Massenauftreten bestimmter Arten. Genauer 
konnte ich das Haufigkeitsverhaltnis der Foraminiferen in zwei Proben 
aus dem Eriksdaler Mergel untersuchen. Sie stammen aus einem 12m 
hohen Profil, das Dr. A. LUNDEGREN untersucht hat. Das ganze Profil 
gehért nach LUNDEGREN zur untersten Zone der Granulatenkreide. Die 
erste Probe ist der tiefsten, die zweite der héchsten Schicht entnom- 
men. Die Hauptmasse der Foraminiferen hatte eine Korngrésse von 
0.15-——0.5 mm. Der Schlammriickstand dieser Korngrésse der Probe 
I ergab folgende Foraminiferenverteilung: 


Giimbelina striata 1000 Exemplare 
Globigerina cretacea 500 » 

» aspera 150 » 
Cibicides convexa 150 » 
Valvulineria cammerata? 150 » 


Dann folgen eine Reihe von Arten, die zwischen 75—-120 mal auf- 
treten. Die Mehrzahl der vorhandenen Arten ist in der gezihlten Menge 
weniger als 10 mal gesehen. 


* Die hier neu aufgezihlten und revidierten Foraminiferenarten sind ausfiihrlich 
in meiner demnichst erscheinenden Arbeit: » Die Foraminiferen des Eriksdaler Mergels» 
behandelt und abgebildet. Dies gilt auch fiir den Literaturnachweis. Die hier zie- 
tierten Arbeiten sind folgende: 


Brotzen, F. Vorlaufiger Bericht tiber eine Foraminiferenfauna aus der schwedischen 
Schreibkreide (Mucronatensenon). G. F. F. Bd 56. 1934. 

FrRANKE, A. Die Foraminiferen der Oberen Kreide Nord- und Mitteldeutschlands. 
Abh. d. preuss. Geol. L-A. 1928. 

Happine, A. The Pre-Quaternary sedimentary Rocks of Sweden. V. Medd. Lunds 
Geol.-Min. Instit. N:o 55. 1983. 


Hennic, A. Studier éfver den baltiska Yngre kritans bildningshistoria. G. F. F. 


Bd 21. 1899. 
LunDEGREN, A. Képingesandstenen i Sydéstra Skane. G. F. F. 1933. 
—. Kristianstadsomradets Kritbildningar. G.F.F. 1934. 
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Diese Zusammensetzung andert sich faziell sehr schnell. So konnte 
in der héchsten Schicht im grossen und ganzen die gleiche Fauna 
wieder festgestellt werden. Es hatte sich aber die Verteilung geandert: 
die Globigerinen traten haufiger auf als die Giimbelinen, Globotruncana 
ventricosa war sehr haufig. Wie weit solche zahlenmissigen Verhiltnisse 
konstant bleiben, dariiber fehlt zur Zeit jede Beobachtung. 

Bei sonst gleich bleibender Fauna hat das Verschieben der Hiaufig- 
keitszahlen nur fazielle Bedeutung, doch ist das Neuauftreten oder 
Fehlen von Arten stratigraphisch wertvoll. So haben die beiden Eriks- 
daler Proben einige wichtige Arten nicht gemeinsam. Hs tritt in der 
verhaltnismassig klemen zweiten Probe eine abnormal unsymmetrisch 
gebaute Frondicularia relativ haufig auf, die in dem grossen, aus mehre- 
ren Proben bestehenden, Material der tieferen Schicht nicht gefunden 
werden konnte. Das Gleiche ist mit der grossen Anomalina lorneiana 
der Fall, die keinmal im unteren Horizont vorkommt, aber haufig in der 
oberen Schicht. 

Vergleicht man die untersuchte Foraminiferenfauna von Eriksdal 
mit den Faunen anderer Kreidebildungen Schwedens findet man neben 
iibereinstimmenden, viele Arten, die auf den Eriksdaler Horizont be- 
schrankt sind und haufig auftreten. Zum Beispiel Planulina lundegreni 
n. sp.2 und Crbicides ertkdalensis n. sp.,' die mit 150 und 70 Exemplaren 
ausgezaihlt wurden. Globotruncana ventricosa White war mit 100 Exem- 
plaren vertreten. Sie ist auch aus England und Amerika bekannt. Soweit 
diese Form horizontiert nachgewiesen wurde, fand sie sich nur in Sedi- 
menten, die dem Emscher und dem Untersenon entsprechen. Hine 
Form mit der gleichen stratigraphischen Bedeutung ist Stensidina 


_(Rotalia) exculpta Rss, die nur von héchsten Turon an bis zum Unter- 


senon nachgewiesen werden konnte. In fast allen Fallen, wo diese 
Art aus dem Obersenon angefiihrt wird, handelt es sich um eine sehr 
nahe verwandte Species: Stensidina pommerana n. sp.,' die auf das 
Obersenon beschrinkt ist. Stensiéina exculpta findet sich in den Eriks- 
dal Mergeln nicht haufig, nur 10 mal, doch durch ihre auffallende 
Gestalt kann man sie beim Durchsehen einer grésseren Probe nicht 
iibersehen. Auch Stensidina pommerana ist nie sehr haufig, lasst sich 
doch ebenfalls leicht finden, bekannt ist sie mir aus der Schreibkreide 
von Kvarnby und Tullstorp, Schonen, und aus Finkenwalde und 


Munrue, H Till kannedomen om Foraminiferfaunan i Skanes Kritsystem. G. F. F. 
Bd 18. 1896. 

Nitson, 8. Petrificata suecana formationis cretaceae. Lund 1827. 

Voret, E. Die Lithogenese der Flach- und Tiefwasserablagerungen des jiingeren Ober- 
kreidemeeres. Jahrb. d. Hall. Verb. z. Erforschung d. mitteld. Bodenschatze 
Use wa Bde Vill n. By. 1929: 

Faziesstudien in der baltischen Schreibkreide auf Grund neuerer Untersuchungen 
an Geschieben. Zschr. f. Geschiebeforschung. Bd VII. 1981. 
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Riigen, Pommern. Beide Formen lassen sich leicht unterscheiden und 
haben demnach grossen stratigraphischen Wert. 

Das Vorkommen von Gaudryina stephensoni Cushman in den Eriks- 
dal-Mergeln gestattet einen direkten Altersvergleich mit amerikanischen 
Schichten. Gaudryina stephensoni gilt in Amerika als Leitfossil der 
Taylorformation, die dem Untersenon gleich gesetzt wird. So hat 
Gaudryina stephensoni auch in Europa Leitwert. Im schwedischen 
Granulatenhorizont kommen demnach eine Reihe von Formen vor, 
die die Schichten stets einwandfrei charakterisieren. Das liess sich 
auch in den anderen Horizonten der schwedischen Kreide nachweisen, 
nur habe ich diese Horizonte bisher weniger behandeln kénnen. Trotz- 
dem sind einige Ergebnisse von allgemeiner Bedeutung und regen zur 
Weiterarbeit an. 

So sind zum Beispiel die Sedimente der Grus- und Triimmerkreiden 
des Kristianstad Gebietes petrographisch schwer, teils garnicht zu unter- 
scheiden. Die stratigraphische Trennung beruht ausschliesslich auf 
Belemniten. Eine kurze Micrountersuchung zeigt grosse Unterschiede 
der Foraminiferenarten der Mammillaten- und Mucronatenkreide. Be- 
sonders verschieden sind die Anomalinen und Cibicidesarten, die den 
eréssten Teil der Fauna einnehmen. Leider sind aber diese Formen in 
der europaischen Oberkreide zu komplex behandelt und ihre Bestim- 
mung ist ohne Neubearbeitung nicht méglich. Gleichfalls an die 
Triimmerfazies sind zahlreiche Polymorphinenarten gebunden, die zum 
Teil beiden Etagen gemeinsam sind, teils sich nur auf die eine oder 
andere beschranken. 

Das auffallendste Fossil der Triimmerkreide ist eine Amphistegina, 
die der A. flewriaust d’Orb sehr nahe steht, vielleicht identisch ist. Diese 
Form konnte ich nur in der Mucronatenkreide von Horvik nachweisen. 
Sie ist sehr gross — hat einen Durchmesser von 2—3 mm und tritt 
haufig auf. Bedeckt man eine Fliiche von 4—6 cm? mit ausgeschlamm- 
tem Material der Krongrésse 1—3 mm findet man sicher mehr als 10 
Exemplare darin. Amphistegina flewriausi wurde bisher in Maastrich 
in einer Gruskreide gefunden. Auch eine weitere sehr nahe stehende 
Amphisteginenart ist an die Gruskreidefazies gebunden. VorerT erwaihnt 
1929 aus den Quadratenschichten von Werningerode im Harzvorland 
das Massenauftreten von Amphistegina fleuriausi. Es scheint jedoch 
nicht die typische Form zu sein und es wiiren Detailuntersuchungen 
notwendig. Vorer macht darauf aufmerksam, dass Ampisteginen der 
Kreide stets mit Rudisten vergesellschaftet sind. Dies trifft auch fiir 
den Fundort Horvik zu, aus dem LuNDEGREN 1934 das nicht seltene 
Vorkommen von Radiolites suecus erwihnt. 
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In Vorkommen von Mammillatenkreide liess sich die Amphistegina 
nicht finden, auch wenn von diesen Fundorten Rudisten genannt 
waren, z. B. Karlshamn, Barnakalla und Maltesholm. Die charakteristi- 
sche Amphistegina trennt demnach, Triimmerkreide von Mucronaten 
und Mammilatenalter. 

Nach der Ansicht von Voter (1931) sollen in der schwedischen 
Triimmerkreide Foraminiferen selten sein und Flabellinen und Cri- 
stellarien die Fazies charakterisieren. Das seltene Auftreten der Fora- 
miniferen in der Triimmerkreide ist mit gewisser Kinschrinkung zu- 
treffend, nicht aber, dass Cristellarien und Flabellinen die Triimmer- 
kreiden charakterisieren. Die weit verbreiteten Oristellarien und Fla- 
bellinen sind gerade hier seltener als in allen anderen schwedischen 
Sedimenten. So konnte ich Flabellinen fast garnicht nachweisen, doch 
k6énnte es sein dass sie hin und wieder konzentriert vorkommen, da in 
den Triimmerkreiden, das Material nach der Korngrésse sortiert. wird. 
Im allgemeinen sind Cristellarien und Flabellinen im Verhaltnis zu an- 
deren Arten nie sehr haufig, sondern sie werden, da sie grésser sind als 
die Mehrzal der anderen Foraminiferen, nicht iibersehen. So entsteht 
der Hindruck des hiufigen Vorkommens dieser Gattungen. 

Fiir die Triimmerkreide ist ferner charakteristisch das Fehlen von 
Globigerinen und Giimbelinen, die in der Mergelfazies gesteinsbildend 
sind. 

Diese Gattungen treten auch in den Sanden, Sandkalken und Grus- 
sandsteinen erheblich zuriick. In den Sanden und Sandsteinen herr- 
schen wie in den Triimmerkalken Anomalinen und Cibiciden vor, fiir 
deren Bestimmung das schon oben Gesagte gilt. Daneben sind Den- 
talinen, Nodosarien und Polymorphinen haufig. Wahrend sich Denta- 
linien und Nodosarien wenig zur Stratigraphie eignen, sind gewisse 
Polymorphinen besser zu verwerten. Auch agglutinierende Formen 
sind nicht selten und es finden sich charakteristische Typen. So treten 
in den Triimmenkalken, in den Sandsteinen, in der Schreibkreide und 
im Danien Formen auf, die sich nahe an die bekannten Textularien T. 
trochus d’Orb und I. turris d’Orb anschliessen. Sie zeigen in jedem 
Horizont eine andere Ausbildung und miissen in der Zukunft schirfer 
unterschieden werden. Dies gilt auch von Teatularien aus der Gruppe 
von Spiroplectammina baudouiniana d’Orb, die tiberall mit Ausnahme 
in den Eriksdaler Mergeln beobachtet wurde. 

Wie fiir die Mucronatenkreide von Horvik die grosse Amphistegina 
charakteristisch ist, so findet sich auch im K6pingesandstein eine 
charakterististe Grossform. Es ist Flabellina interpunktata v. d. Mark 
die nach Franke in Norddeutschland im Untersenon sehr selten und 
im Obersenon sehr haufig ist. In Schweden ist diese Form nur im 
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Mucronatensenon nachgewiesen und lisst sich als Leitfossil verwenden. 
Vielleicht kann man mit ihrer Hilfe Sandsteine und niche von Mucro- 
naten und Mammillatenalter trennen. 

Die letztere Etage geht, soweit ich Proben des Gesteins aus Valleberga 
gesehen habe, in merglige Fazies iiber. Damit nehmen die Foramini- 
feren wieder bedeutend zu und werden wieder ein wichtiger Bestandteil 
des Sediments. Ich vermute, dass auch Globigerinen und Giimbelinen 
in diesem Gestein zahlreich auftreten. 

Die sehr artenreiche Fauna der Kreiden von Tullstorp und Kvarnby 
spricht fiir die héchste Mucronatenkreide. Die von mir friiher gege- 
bene Liste lisst sich noch weiter vervollstiindigen, da die Artenzahl 
doppelt so gross ist. Von den damals aufgezihlten Arten sind folgende 
fiir das Alter und die Fazies wichtig: 


Ataxophragmium rimosa (Bulimina) Marsson ist bisher nur im héheren 
Mucronatensenon nachgewiesen. 

Stensidina pommerana n. sp. in der Liste als Gyroidina exculpta Rss 
bestimmt. Auf Grund von Neubearbeitungen wurde diese Form 
abgetrennt. Sie ist typisch fiir das Obersenon. 

Pullenia sp. in der Liste als Pullenia quinqueloba bestimmt, die aber 
aus dem Oligozin stammt. Die hier auftretende Form ist von der 
tertiiren geschieden. Entsprechende Arten kommen nur in der 
Mucronatenkreide vor. 


Von neuen Formen dieser Schichten ist besonders Gyroidina globosa 
Hag. zu nennen (in Kvarnby haufig). Die typische @. globosa ist aus- 
schliesslich auf das Obersenon beschrinkt. Bei einer Revision der 
Anomalinen und Crbicidesarten sind weitere Leitformen zu erwarten. 

HeEnniG 1899 erwihnt das reichliche Vorkommen von Foraminiferen 
in den Daniengesteinen. Happinc weist 1933 darauf hin, dass in ge- 
wissen Schichten des Daniens die Foraminiferen gesteinsbildend auf- 
treten. Die Listen von MuntHE und Mapsen bediirfen mindestens 
einer erheblichen Erweiterung. Die Durchsicht einer kleinen Probe des 
sogenannten »Ooccolithkalkes» ergab, dass auch hier Globigerinen und 
Gimbelinen zuriicktreten, Cibiciden und Anomaliden hiufig sind. Die 
letzten versprechen die wichtigsten Leitfossilien zu liefern. Gemeinsam 
mit den Schichten der senonen Schreibkreide findet sich Cibicides 
constricta hiufig. Die von Munrue in der Liste aufgefiihrte Pullenia 
quinqueloba ist weder mit der tertiiren noch mit der obersenonen iden- 
tisch. Der Wert der Textularien aus der Gruppe 7’. trochus, T. turris 
und Spiroplectammina baubouiniana wurde oben schon erwiihnt. Die 
beiden sonst in der Oberkreide hiufigen Lenticulinen (Cristellarien) L. 
rotulata und die mit grosser Nabelscheibe versehene L. comptoni machen 
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einer leicht berippten Form Platz, die fiir die schwedischen Danien- 
vorkommen sehr charakteristisch ist. Weder die typische Lenticulina 
rotulata noch L. comptoni konnte ich in den Daniengesteinen fin- 
den. . 

Die Ergebnisse der bisherigen Untersuchungen von Foraminiferen 
aus der schwedischen Kreide kann man dahin zusammenfassen: 


1) In allen Horizonten und in jeder Faziesausbildung finden sich 
Foraminiferen. 

2) Jeder Horizont besitzt typische Arten, die als Leitformen gelten 
k6onnen. 


Es sind daher in der Zukunft weitere Untersuchungen der einzelnen 
Faunen durchzufiihren. Dann ist es méglich selbst aus kleinen Ge- 
steinsproben das Alter eines Vorkommens zu bestimmen und besonders 
Bohrproben, denen Macrofossilien fehlen, kénnten genau datiert wer- 
den. Sogar Proben von Stoss- und Spiilbohrungen liessen sich hori- 
zontieren. 

Abgesehen von der praktisch geologischen Bedeutung, sind die 
Ergebnisse der Foraminiferenforschung der schwedischen Kreidesedi- 
mente auch palaeontologisch aufschlussreich. So hat die Eriksdalfauna 
nicht nur Beziehungen zu Nordeuropa, sondern auch zu Nord- und 
Mittelamerika. Ausserdem lassen sich eine Reihe von Arten namhaft 
machen die phylogenetisch vieles erklairen, z. B. lassen sich in schwedi- 
schen Kreidesedimenten Vertreter der Gattung Houvigerina in den 
verschiedenen Etagen nachweisen, die die eingentiimliche Entwicklung 
der nur auf die Oberkreide beschrinkten Gattung zeigen. Bisher fand 
ich sie sowohl in Eriksdal als auch in der Schreibkreide von Kvarnby, 
wahrend sie sonst aus Europa nur aus dem Turon von Bohmen, aus der 
Riigener Kreide und aus unhorizontierter Kreide von England bekannt 
wurden. 

Das reiche Material gestattet weiter systematisch-anatomische 
Untersuchungen. Im reichen eriksdaler Material konnte der Generation- 
wechsel vieler Arten beriicksichtigt werden. Bei einzelnen wurde Tri- 
morphismus, bei anderen nur Dimorphismus festgestellt. Kin weites 
und viel versprechendes Gebiet, wiren variationsstatistische Unter- 
suchungen, die Hand in Hand mit stratigraphischen Untersuchungen 
gehen miissten. 


Med anledning av féredraget yttrade sig hrr LUNDEGREN, von Post, 
Trorepsson och f6redraganden. 
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Hr S. Exvius, lamnade ett kort meddelande om: Jirnockra 
och myrmalm pa Oland. 

Tal. papekade forst, hur berggrundskartans kambro-silur-beteckning 
nog suggererat mangen till att tro, att all mark dirstides har basisk 
reaktion. Emellertid finnas ovanpa kambrosiluren stora falt av lésa 
jordarter med sur markreaktion. Sa t. ex. de av tal. siirskilt studerade 
»yruinerna» av rullstensdsar pa Oland, vid Lindby i Girdslésa s:n och 
Ralla Tall — Isgirde i Hégsrums och Glémminge s:nar. Stenrakning 1 
grustagen samt i av tal. upptagna borrhal utvisa, att materialet 1 isilvs- 
gruset och den av havet och vinden utsvammade sanden till omkring 
en tredjedel utgéres av urberg (ofta »sjalvatsten» och andra gronstenar) 
och till tva tredjedelar av kambriska sandstenar, som ju innehalla 
ratt stora kvantiteter svavelkis, markasit och limonit och icke sa litet 
manganockra. Aven dlandicus-, tessini- och alunskifferlagren aro ju 
ock ratt jarnhaltiga och ha givetvis aven bidragit till att ka sandfaltens 
jarnhalt. En jarnflytning i raitt stor skala ned mot omgivningens myrar 
ir salunda ganska forklarlig. Vid flera av jairnkillorna utfalles ockra 
i olika farger. C. v. Linné hade ju vid Isgirde funnit en »kiringp, 
som gjorde kyllerfirg. Synnerligen vanlig ar dirjimte utfallning i eller 
strax under sandytan av manganhaltiga myrmalmer, slaggstruerade 
kakmalmer, som att déma av »sinnerskutor» (jiirnslagger) alldeles i nar- 
heten synas ha givit upphov till en icke alltfér obetydlig jaérnhantering, 
kanske redan fore Kristi fodelse och sedan under hela jirnaldern, Sa 
t. ex. vid Lindby, Sérby, Tjusby och Stoérlinge i Girdslésa s:n, Rilla 
och Ronnerum i Hégsrums s:n samt Isgiirde och Brostorp i Glémminge 
sin. Myrmalmerna iro till féljd av markbeskaffenheten ratt sandiga, 
men, som NAUMANN sager, alloktona ortstenar kunna aven representera 
en étage pa vigen mot malmstadiet. Tal. hade iakttagit inom rena ort- 
stensomraden en anrikning till svampliknande myrmalmer, som till 
bildningen erinrade om hur ganska rena ispartier kunna bildas vid frys- 
ningen av en lervilling. Ett alltfér snivt atskiljande av ortstenar 
och myrmalmer torde ej befriimja den viktiga utforskningen av jarnets 
vandringar i naturen. Limonitutfillningar, som fértjina namnet myr- 
malm, finnas inom omraden med kalkberggrund aven pa Gotland, i 
Vastergétland, Ostergitland, Dalarne, Jiimtland, Skane, Danmark, 
Tyskland. 


Med anledning av féredraget yttrade sig hrr DaniBiom, G. Lunp- 
avist (se sid. 3601 detta hifte av Férhandlingarna) och féredra- 
ganden. 


: 
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Svenska Mineralogiska Sillskapet. 


Moétet den 25 januari 1935. 
Narvarande 24 personer. 


Till ordférande for 1935 valdes H. von Ecxermann och till sekre- 
terare N. H. Macenusson. 


Hr A. Wesreren héll foredrag om Bestimning av fér- 
eningars sammansattning pa réntgenkristallo- 
Bravtiek vag. 

Foérst sedan det hade faststallts, huru stalens karbider aro upp- 
byggeda, hade det blivit méjligt att fastsla deras formler. I rostfritt 
stal upptrader en fas (Cr, Fe).;C,, som Ar en jarnsubstituerad kubisk 
kromkarbid. JI kromstal med hégre kolhalt forekommer en trigonal 
karbid (Cr, Fe);C;. Is. k. snabbstal ha vi att géra med en kubisk 
karbid Fe,W-,C. 

Roéntgenanalyser av mineral ha under senare ar i ett mycket stort 

-antal fall lett till att forut accepterade formler mast revideras. 
Foéredr. kom, sedan han lamnat ett flertal exempel harpa, in pa det 
under senare ar mycket omdiskuterade spérsmalet om mullitens 


_ byggnad och ansag for sin del réntgendata tyda pa att dess formel 


ar 18AJ],0;-13810, och ej 3AL,0;°2S8i0,., som man hittills trott. 


Med anledning av féredraget yttrade sig hr AmINorF. 


MOtene donee o: mars719'3 5. 


Narvarande 25 personer. 


Hr L. von HaAmos holl féredrag om De nya metoderna 
inom réntgenspektrografien, med sarskild hain- 
syn till de béjda kristallernas anvandning. 

Tnledningsvis redogjorde foredr. for de aldre réntgenspektroskopi- 
ska metoderna, som alla anvanda den s. k. Brage’ska reflexionen pa 
en plan kristallyta. Rontgenljusets vaglingd bestiimmes av reflexions- 
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vinkeln @ och gitterkonstanten d. Genom vaglingdsbestamningar 
kan man fa reda pa rontgenljuskillans kemiska sammansittning. 
Vaglingdsbestimning kan utféras mycket noggrant med de aldre 
metoderna, som iro féljande: 


a) BraGcc-pE Brociie-metoden, 
b) Sremann’s »Schneidenmethode», 
c) Ruraerrorn’s genomstralningsmetod (for de kortaste vagorna). 


Emellertid ir det i vissa fall énskvirt att stegra spektras intensitet 
éver det virde, som kan uppnas genom reflexion pa ett enda stiille 
av kristallen. 

Ett férsék att skapa en spektrograf med stérre effektivitet ar den 
Sotuer’ska ionisationsspektrometern.t I denna reflekteras ett brett 
stralknippe, vilket fére och efter reflexionen passerar parallella blin- 
daresystem, varigenom stérre delen utav kristallen deltar samtidigt 
1 reflexionen. 

Aven genom anviindning av flera »Schneidenspektrografer», som 
aro placerade pa en cirkelperiferi, kan intensiteten 6kas. Du Monp 
och Kirkpatrick” ha konstruerat en sadan multikristallspektrometer 
bestaende av 50 stycken kalkspatkristaller. 

Det finns emellertid ett konstruktivt mycket enklare sitt att stegra 
réntgenspektras intensitet, nimligen att i stillet for plana kristaller 
anvinda cylindriskt béjda kristaller. Det var redan ar 1916, som 
G. Gouy® foreslog att genom ett béjt glimmerblad fokusera de reflek- 
terade réntgenstralarna, men det dréjde till 1930, innan sadana spek- | 
trografer blevo praktiskt utarbetade. 

Under antagande, att den béjda kristallen ir pa varje punkt av ytan 
kristallografiskt parallellorienterad med tangentialplanet, finns det 
tre mojligheter for stralgangen. I fig. 1 a), b) och ec) aro dessa me- 
toder schematiskt illustrerade. 

Metoden 1 fig. 1 a) utarbetad av H. Jonann* och senare férbittrad 
av T’. Jouansson,’ anviinder den eylindriska kristallen i sadant lige, 
att planet, som innehaller den infallande och reflekterade stralen dir 
orienterat vinkelriitt mot kristallens rotationsaxel. Det behdvs i detta 
fall ingen spalt mellan stralkillan och kristallen. 

Metoden i fig. 1 b), utarbetad av Y. Caucuors® och fullkomnad av 
E. Carusson,’ anviinder liksom RurHerrorps genomstralningsmetod 


1 SoLLER, WALTER, Phys. Rev. 24, 158 (1924). 

* Du Monp, J., and H. Kirkparrick, Phys. Rev. 35, 136 (1930). 
G. Gouy, Ann. de Phys. (9) 5, 241 (1916). 

H. Jonann, ZS> f. Phys. 69, 185 (1981). 

'’. Jonansson, ZS. f. Phys. 82, 508 (1933), 

Y. Caucuois, Journ. Phys. et Rad. 7. III. 320 (1932). 

E. Carusson, ZS. f. Phys. 84, 120 (1934). 
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reflexion pa gitterplan, som ga tvars éver kristallen. Spalt behévs 
ej heller har. 

Som figuren visar, Ager savil i fallet a) som i fallet b) fokusering 
rum, d. v. s. stralar, som reflekteras pa kristallens olika punkter for- 
enas till ett gemensamt spektrum. Emellertid ar intensitetsvinsten 
icke sairskilt betydande om réntgenljuskillan, alltsa provet, som skall 


a) 


Kristal/ 


Stra/- 
killa Sp a o wie 


Aristall 
Hign Ie 


analyseras, har ringa dimensioner. Siarskilt vid Caucnor1s-metoden 
samlas ljuset ifran ett utbrett infallande stralknippe. 

Daremot kunna béjda kristaller anvindas efter Gouy’ pa sa sitt, 
att infallande stralar, som utg& fran samma punkt, aterférenas igen 
efter reflexionen. I sa fall ligga de infallande och de reflekterade stra- 
larna samt kristallens rotationsaxel i samma plan, som fig. 1 ¢) visar. 
Kristallen verkar da pa samma satt som en vanlig optisk lins. En sa- 
dan spektograf har byggts av féredr.* med cylindriska stensaltkristal- 
ler, som ar béjda till omkring 15 mm radie. Kristallens radie ar dir- 


1, v. HAmos, Ann. d. Phys. 17, 716 (1933) och 19, 252 (1934). 
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emot vid metoderna a) och b) omkring 500 mm! Féredr. anvander 
vidare en spalt, som begransar det infallande stralknippet. 

Denna stralgang har aven anvants av féredr.’ for en principiellt 
ny metod av materialundersékning, genom att ersitta spalten med 
ett prov, som sjilv emitterar karakteristiska vaglangder. Man far 
for varje vagliangd en sirskild bild av provets yta, som visar férdel- 
ningen av ett visst grundimne pa ytan. Diarigenom, att alla stralar, 
som utga fran provet till kristallen, aterférenas igen 1 den mono- 
kromatiska bilden, far man stérsta méjliga intensitet 1 férhallande 
till provets massa. Men ocksa det férhallandet, att man ej far en 
genomsnittsanalys, utan en bild av provets kemiska struktur, gor att 
metoden kommer att fa anvindning inom mineralogien och metallo- 
grafien fér lésandet av kemiska problem, som ej kunna lisas med 
andra analytiska metoder. 


Med anledning av féredraget yttrade sig hr WESTGREN och f 6re- 
draganden. 


1 L. v. HAmos, Nature 134, 181 (1984). 
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Geolognytt. 


Kungl. Vetenskapsakademien har till preses under det ingangna nya Aka- 
demiaret valt Overdirektér Axe, Gavetin. Vidare har Akademien till- 
erkant Prof. Ivar H6cgBom Arnbergska beléningen, 1 200 kr., for hans arbete 
»Mineral Production. A study in Trend and Geographical Displacement.» 


Fil. Dr A. LunpEGReN har fran Hierta-Retzius’ stipendiefond erhallit 
1500 kr. for fortsatt bearbetning av kritfossil fran djupborrningen vid Kulle- 
molla. 


Amanuensen F. Hsutstrém har av Vetenskapsakademien erhallit ett rese- 
understéd & 300 kr. for morfologisk utredning av kambro-siluromradets grins 
mot urberget inom Jamtland. 


Fil. Kand. Srure Lanprcren har ur Jernkontorsfonden for bergsveten- 
skaplig forskning erhallit 2 500 kr. for geokemiska undersékningar av svenska 
jarnmalmer och sulfidmalmer vid universiteten i Freiburg och Gottingen. 


Fil. Lic. T. Kroxstr6m har erhallit Lennanders mellersta stipendium, 
2 160 kr., for studier inom Sérmlandsgnejsens vastra omrade. 


Fil. Lic. W. Larsson har ur Liljevalchs och Bjurzons stipendiefonder er- 
hallit 1 200 kr. for kvantitativa faltstudier betraffande gransomradet mellan 
vastra och éstra Sverige samt hyperiternas roll inom kartbladen Mariestad, 
Otterbacken, Vase och Kristinehamn. 


Ur Humanistiska fonden ha bl. a. foljande anslag utdelats: till Amanuensen 
Sten Frorin 2000 kr. for undersékning av Sédermanlands bebyggelsehisto- 
riska utveckling under stenaldern; till Fil. Mag. Nits Frreere 1 500 kr. for 
undersékningar om det svenska vagvisendets utveckling med sarskild hansyn 
till Géstrikland; till Prof. H. Muntue 600 kr. for utarbetande av ett kapitel 
éver manniskans invandringshistoria i relation till olika senkvartara skeden 
fornamligast 1 vart land. 


Fran Stiftelsen Lars Hiertas Minne ha bl. a. foljande understéd utdelats: 
till Prof. G. De Geer 5 000 kr. for en sammanfattande framstallning av den 
sista inlandsisens avsmaltning i Sverige; till Fil. Dr H. Hepstrom 600 kr. 
for bearbetning av Gotlands silurtrilobiter och brachiopoder; till Fil. Mag. 
G. Lonammar 700 kr. for komplettering av undersdkning 6ver sj6arnas vege- 
tation och kemi i nordligaste Sverige; till Fil. Dr Err Nizsson 2000 kr. for 
renritning av kartor m. m. fran Abessinien-expeditionen; till Fil. Lic. 8. 
TuunmaRK 1 500 kr. fér limnologiska undersdkningar i Sydsverige; till Do- 
centen G. Trozpsson 1 000 kr. for undersdkning av nordvastra Skanes berg- 
grund. 
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Fran Huitfeldtska stipendiefonden i Géteborg har Fil. Stud. ARNE SANDELL, 
Lund, erhallit 400 kr. till morfologiska studier inom urbergsterriingen och 
Dalslandsformationen. 


Fil. Dr Gunnar Boosere har férordnats till direktér for kulturavdelningen 
vid Javas sockerindustris forséksstation 1 Pasoeroean. 


Den 6 april férsvarade i Lund Fil. Lic. SVEN Patmavist en avhandling med 
titeln: Geochemical Studies on the Iron-Bearing Liassic Series in Southern 
Sweden (Medd. fr. Lunds Geol.-Min. Inst. No. 60). Opponenter voro Do- 
centerna Rotr Nortn och Erik Larsson. 


Fil. Lic. D. Malmqvist, som pa ett Liljevalchs stipendium vistas i Tyskland 
och hos Prof. SCHNEIDERHOHN i Freiburg avslutat en undersékning éver 
arsenikkisens optik (pabérjad i Uppsala), ar f. n. hos Prof. V. M. Goup- 
SCHMIDT i G6ttingen sysselsatt med en spektroskopisk undersékning av 
metallkoncentrationer i Skelleftefaltets svarta skiffrar. 


Bergsmannakongress., 


Internationella kongressen f6r gruvbrytning, metallurgi och tillampad 
geologi, som hdll sitt sjatte sammantride i Liége 1930, sammantrader harnist 
i Paris den 20—26 oktober 1935. Kongressen arbetar pa tre sektioner, vilkas 
omfattning framgar redan av namnet. Det preliminara programmet upptager 
ett stort antal éverliggningsimnen inom féljande huvudgrupper. Sektionen 
fér gruvbrytning: allmanna anordningar vid gruvor, kolgruvor, malm- 
gruvor och petroleum; Sektionen for metallurgi: framstallning av tackjarn, 
av andra metaller an jirn fven elektrolys och elektrometallurgi, jarnlege- 
ringar, legeringar av andra metaller, gjuteriteknik, metallers bearbetning, 
behandling och anvandning samt provning; Sektionen for tillimpad geologi: 
fyndigheter, petroleum, geologiens tillimpning vid allminna arbeten och 
jordbruket, hydrologi, geofysik m. m. 

Kongressens organisationskommitté, vars president ar M. Lton GuILLet, 

har sitt sekretariat forlagt till 1 rue Montgolfier, Paris (3°). 
_ En svensk kommitté for kongressen har bildats med Professor G. BRING, 
Overdirektér A. Gavettn, Fil. doktor Axe Linpptap, Kommerseradet 
K. Srpenvaty och Direktéren Fil. doktor AxEL WAHLBERG sisom med- 
lemmar. 


Ur Liingmanska kulturfonden ha anslag utdelats bl. a. till: Prof. G. Dr 
GEER for en méjligast omfattande publikation av den svenska tidsskalans 
material; till Prof. O. ENgroru for en pollenanalytisk undersékning av den 
postglaciala skogens historia inom Norrbottens lin; till Fil. Lic. T. Krox- 
strOM for utférande av kemiska analyser pa bergarter tillhérande den stora 
diabasgangen vid Hillefors i Sédermanland. 


Ett cirkulir, daterat Moskwa januari 1935, med inbjudan till den 17-de 
Internationella Geologkongressen i Ryssland 1937 har nyligen ankommit 
och finnes tillgiingligt hos sekreteraren. 
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Sveriges geologiska underséknings failtarbeten 
1935. 


Statsgeologen 8. Jowansson utfor agrikulturgeologiska och hydrogeolo- 
giska specialundersékningar a olika marktyper i sédra Sverige samt revi- 
derar jordarterna pa kartbladet Lidképing. 

Statsgeologen R. SanpEGREN avslutar kartliggningen pa kartbladet 
Forshaga och reviderar jordarterna pa samma kartblad samt fortsitter 
jordartskartlaggningen pa kartbladet Horndal. Extrageologer: A. BERGDAHL, 
O. CLagsson, J. A. BerGauist. 

Statsgeologen N. Sundius reviderar berggrunden for beskrivning | till 
kartbladet Lidképing samt utfér i anslutning dirtill kompletterande under- 
sdkningar rérande de tekniskt nyttiga bergarterna pa Kinnekulle. 

Statsgeologen N. H. Magnusson évervakar berggrundskartlaggningen pa 
kartbladet Smedjebacken, reviderar berggrunden pa kartbladet Forshaga 
samt utfor malmgeologiska undersékningar inom den mellansvenska bergs- 
lagen, huvudsakligen for ett sammanfattande arbete rérande dennas jarn- 
malmsfyndigheter. 

Statsgeologen G. Lunpevist fortsitter den geologiska kartliggningen pa 
kartbladet Smedjebacken samt leder i anslutning dirtill instruktionskursen i 
geologisk kartering for nyantagna extrageologer. Extrageologer: 8. HsELm- 
gvist, O. Kuxtiine, R. Norin, H. THomasson och F. E. Wickman. 

Statsgeologen B. AsKiunD reviderar berggrunden pa kartbladet Giivle, 
leder och 6vervakar undersdkningarna dver sédra Sveriges svarta graniter 
samt utfor praktiskt-geologiska undersékningar inom Jamtlands liin. Extra- 
geolog: Cur. ENBERG. 

Statsgeologen E. Granitunp slutfor den praktiskt geologiska kartligg- 
ningen ay jordarterna nedanfér odlingsgriinsen 1 Vasterbottens lin samt 
foretager dversiktliga undersékningar av jordarterna ovan odlingsgrinsen i 
samma lin. Extrageologer: Hs. Bsurutr och C. Larsson. 

Statsgeologen A. Héghom underséker och évervakar kartliggningen av 
berggrunden inom Vasterbottens lin samt underséker malmanledningarna 
inom Vasterbottens lans fjalltrakter. Hxtrageologer: T. Kroxstrom, V. 
Larsson och O. GABRIELSSON. 

Geologen G. Exsrr6m fortsatter den geologiska undersékningen av jord- 
arterna pa kartbladet Lund samt utfor i évrigt hydrogeologiska och agrogeo- 
logiska undersékningar inom utvalda specialomraden. Extrageolog: F. Rene- 
MARK. 

Fil. lic. P. Tuorstunp utfér (i samarbete med statsgeologen ASKLUND) 
praktiskt geologiska undersékningar och stratigrafiska utredningar av de 
kalkstensférande omradena i Jamtlands lin samt reviderar kalkstensomradet 
vid Siljan i Dalarna. 

Fil. doktor S. Hsetmqvist utfor (i samarbete med statsgeologen Mac- 
Nusson) malmgeologiska specialundersdkningar inom den mellansvenska 
bergslagen. 

Geologen J. EkLuNnD utfor malmgeologiska utredningar inom de nedre 
delarna av Vasterbottens lin. 
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Gruvingenjéren A. BARKENBERG leder de gruvtekniska undersdknings- 
arbetena inom de nedre delarna av Vasterbottens lin. Bitridande gruv- 
jngenjor: EK. HusBera. 

Fil. lic. S. Gavetin utfér malmgeologiska specialundersédkningar inom 
Skelleftefiltsfyndigheterna 1 Vasterbottens lan. 

Fil. doktor G. Beskow utfér vaggeologiska filtutredningar inom ut- 
valda omraden i olika delar av landet. 

Professor P. Ge1seR bedriver utredningar for den sammanfattande fram- 
stillningen av den mellansvenska bergslagens jairnmalmsfyndigheter. 

Férutom ovan uppriknade undersékningar utforas specialutredningar 
rérande inom olika delar av landet uppkommande praktiskt-geologiska eller 
vetenskapliga fragor enligt instruktioner som fér varje fall sirskilt meddelas. 
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UTKOMNA PUBLIKATIONER ARO: 
Ser. Aa Geologiska kartblad i skalan 1:50000 med beskrivningar. 


Pris kr. 
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> 161 Gotska Sandén av Hewr. Munrue 1924... . 2,00 
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» 
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» 167 Sdffle av N. H. Maenusson och L. von Moan 19997"... 4,00 
» 168 Malingsbo av A. HéaBom och G. Lunpavist 1930 ........ 4,00 
>» 169 Slite av H. Munrue, J. E. Hepe och G. Lunpavist 1928 . . 4,00 
>» 170 Katthammarsvik ay H. Munrus, J. E. HEpsr och G. LUNDQVIST 1929 4,00 
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» 176 Storvik ay B. AskLuND och R. SanpEcREN 1984... . . ; . 4,00 
» 177 Grdngesberg avy N. H. Maanusson och G. Lunpevisr 1933 . . . . 4,00 


Ser. Ba Oversiktskartor. 

N:o 11 Oversiktskarta Over Sédra Sveriges myrmarker (Boggy ground in 
Southern Sweden). Efter de geologiska kartbladen utg. av 8. G. U. 

1:500000. 1923. Med beskrivning av L. von Posr 1927... . 6,00 

>» 12 Kvartirgeologisk karta éver Stockholmstrakten. Skala 1:50000. 1929. 5,00 
Stockholmstraktens kvartirgeologi, av G. Dr Grrr. Beskrivning till 
kvartairgeologisk karta dver Stockholmstrakten. Bilaga med special- 

undersékningar. With English Explanations. 1982 ...... . 3,00 


Ser. C, ° 
Arsbok 24 (1930). 
N:o 364 Santsrrém, K. E., A AO ee map of Northern Europe. With one 
Plate. 1930 oe 0,50 
>» 365 Norpegvist, Hz., Granitisdnatrien 4 i Férenta aheterna, Mea Q taylor. 1931 5,00 
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Med en karta. Summary: Pre-cambrian geology of the iron-bearing 
region Kiruna—Géallivare—Pajala. 1931 .. . 4,00 
> 867 Geiser, Per, The Iron Ores of the Kiruna type. Geographical distri- 
bution, geological characters, and origin. 1931 .......-. 1,00 


Arsbok 25 (1981). ; Pris kr. 


N:o 868 GrantuND, E., Kungshamnsmossens utvecklingshistoria jamte ne 
analytiska Aldersbestimningar i Uppland) 1951 2 1,00 
>» 369 Hoécsom, A., Praktiskt-geologiska undersékningar inom Jokkmokks soc- 
ken sommaren 1930. Med 3 tavlor. Summary: Practical investiga- 


tions in the parish of Jokkmokk in the summer 1930. LOS Tee ee OU 
>» 3870 Sannstrom, K. E., Jordskalv i Sverige 1926—1930. Med en karta. 

Resumee: Erdbeben in Schweden 1926—1930. 1931... ... . 1,00 
>» 871 Fropxvist, H., Kulturtechnische Grundwasserforschungen. 1931 . . . 5,00 
» 872 Wrstercarp, A. H., Diplocraterion, Monocraterion and Scolitus from 

the lower Cambrian of Sweden. With ten Plates. 1931... . . 2,00 


Arsbok 26 (1932). 


N:o 373 Grantunp, E., De svenska hégmossarnas geologi. Deras bildningsbe- 
tingelser, utvecklingshistoria och utbredning jamte sambandet mellan 
hégmossbildning och férsumpning. Resiimee: Die Geologie der schwe- 


dischen Hochmoore. 1932... . 4,00 
» 874 Sunprus, N., Uber den sogenannten Eisenanthophyllit ¢ der -Eulysite 
19394 ee. ee ee ee Bo AY 


Arsbok 27 (1938). 


N:o 876 Happinc, A., Den jirnmalmsférande lagerserien i sydéstra Skane. 


English Summary. 1933-5 un ere : 2 a ee ee 
>» 377 Askuunp, B., Vemdalskvartsitens alder. 1933. bs, is 1,00 
» 3878 THoRSLUND, PER, Bidrag till kinnedomen om kambrium och ceratopyee- 

regionen inom Storsjdomradet i Jimtland ........ 5 OBE 


» 379 Untersuchungen iiber Zement. 
1. Sunpius, N., Die mineralogische Beschaffenheit des Schmelzzemente 
von Valleviken, Schweden, und von Ciment fondu der Soc. An. des 
Chaux & Ciment de Lafarge et du Teil, Frankreich. 
2. Assarsson, G., Die Reaktion zwischen Tonerdezement und Wasser. 
1933 . Aid + oe 2,00 
>» 380 Exsrrém, GUNNAR, Nertpeolaenice undersdkningar “vid Svalév. Med 4 
tavlor, Zusammenfassung: Agrogeologische Untersuchungen bei Svaliv. 
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Arsbok 28 (1934). 


N:o 381 Wesrercirp. A. H., En kvartir Stromatolitkalksten fran Bohuslan. 
Med 13 tavlor. Summary: A Quaternary Stromatolitic Limestone from 


Bohuslin, Sweden. 19384 ..... . 2,00 
» 382 AsknunD, B. och 'THorsLUND, P., Fjaillkedjerandens bergbyggnad i i norra 

Jimtland och Angermanland. Med 4 taylor. 1935.0. 0< ‘ 2,00 
» 383 ArrueEntius, O., Fosfathalten i skinska jordar. Med 4 Tavlor. Summary: 

The Phosphate content in Scanian soils. 1984 ..... 3,00 


Ser. Ca Avhandlingar och uppsatser i 4:0. 


N:o 22 Grier, Per, Gillivare malmfalt. Geologisk beskrivning Med 4 tavlor. 
With a summary: Geology of the Giillivare iron ore field. 1930. . 10,00 
» 23 Maanusson, N. H., Lingbans malmtrakt. Geologisk beskrivning. Med 
10 tavlor. Summary: The iron and manganese ores of the Langban 
distriet.:LL980i1:.«.5 aut fier etek Celene imei tee A oe eee 


Distribueras genom Generalstabens Litografiska Anstalt, Stockholm 1. 
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BERGSINGENJOR 


FREDRIK 
MOGENSEN 


LUDVIKA Telefon 58 


Malmletning 
Gruvbrytning 
Anrikning 


Harmed riktas en allvarlig uppmaning till férfattarna i Geol. Fére- 
ningens Férhandlingar att avlimna tydliga, slutgiltiga och val 
genomsedda samt helst maskinskrivna manuskript. 

Sarskilt bor uppmarksamheten dgnas at stringt genomford konse- 
kvens betriffande skrivningen avy namn, latiniserade ordformer 
och tekniska uttryck, samt at stilformernas riktiga betecknande 
(kursiv, spéirrad, KAPITALER). Kursivstil anvandes blott for latinska 
namn (ej fér att understryka vikten av visst textinnehall). Sparrad 
stil anvandes fér att framhava vissa ord eller meningar i texten. 
Kapitadler anvindas fdr alla personnamn. I manuskriptet utmarkes: 

sparrning med ~~~~~~..~ 

KAPITALER es 

kursw > —_—_— 

Konsekvens i férkortningar ar i hég grad dnskvird. Féljande de- 
taljer kunna uppmarksammas: 

km dm m (antikva utan punkt). 

dr (doktor), prof. (professor), hr (herr). 

Titel angives blott fdrsta gangen férfattare citeras, men upprepas 
ej onddigtvis. 

Korrekturlasning aligger férf. Red. 


Separat av de i Geologiska Féreningens Férhandlingar 1928, H. 2 ingiende 
uppsatserna: 
Erik Granlund, Landhéjningen i Stockholmstrakten efter miinniskans in- 
yandring. Pris 0.75 kr. och 
Henr. Munthe, Drag ur den senglaciala utyecklingen ay Billingen—Falbygden 
med omnejd. Pris 1.50 kr. 
kunna rekyireras hos Nordiska Bokhandeln, Stockholm, eller direkt frin Geo- 
logiska Féreningen, Stockholm 50. 


